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Introduction 


Extensive, nearly level plains of sandy stratified drift are com- 
mon features in the central lowland of Connecticut. Terraces with 
sands of fine texture are utilized in agriculture, primarily in the 
growth of tobacco or truck crops, but deposits of coarser texture are 
of little or no agricultural value. When not used for urban or indus- 
trial purposes, they are covered with various xerophytic types of 
natural or semi-natural plant communities, such as lichen-grassland, 
dominated by Cladonia spp. and Andropogon scoparius;? scrub, with 
various species of shrubs and low trees; and woodlands and low for- 
ests of pitch pine, black oak, grey birch, red cedar, etc. In extreme 

! This dissertation, modified for publication, was presented for the degree of Doctor 
of Philosophy in Yale University in 1936. The work was supported in part by a Sterling 


Fellowship in the Graduate School of Yale University, during the academic year 
1932-33- 

2 With minor exceptions, the nomenclature used is that of the following authorities: 
Cladonia, EVANS (22, 23, 24); other lichens, EvANS and MEyRowITz (25); mosses, 
Evans and NICHOLS (26); grasses, HitcHcock (34); trees, SUDWORTH (52); other vascu- 
lar plants, GRAVES, EAMES, et al. (30) and HARGER, GRAVES, et al. (32). The following 
species and varieties, collected from North Haven or Wallingford, are not recorded 
from these towns, or are not listed for Connecticut in the last two publications cited: 
Panicum auburne Ashe (not P. albemarlense Ashe); Carex merritt-fernaldii Mackenzie; 
C. umbellata Schkuhr, var. tonsa Fernald; C. brevior (Dewey) Mackenzie; Helianthemum 
propinquum Bickn.; Stachys hyssopifolia Michx.; Eupatorium hyssopifolium L.; and 
Aster spectabilis Ait. 
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cases the vegetation may be so sparse that the aspect is desert-like. 
Such areas are designated as barrens. 

One of the most noteworthy of these terraces extends along the 
east side of the Quinnipiac River in the towns of North Haven and 
Wallingford, for a distance of 15 to 16 miles, between New Haven 
and Meriden, Connecticut, with an average width of 1 to 13 miles. 
Numerous barren areas are found on this series of plains. Their 
anomalous occurrence in a deciduous forest climate, with an average 
precipitation of 45 inches a year, has interested numerous scientists. 
In the main the ecological relations have been inadequately under- 
stood, and the explanations advanced are far from complete or are 
seriously in error. No less interesting are the closed plant communi- 
ties of diverse types, with their numerous transitions. Among these, 
lichen-grassland communities are of greatest extent and interest. 
The object of the present investigation was to describe these various 
types of vegetation, and to provide a more nearly complete explana- 
tion of their occurrence on the basis of correlation with various eco- 
logical factors. 


Review of previous work 


BRITTON (8), BOWMAN (5), NICHOLS (42, 43), BROWN (10), Mor- 
GAN (41), and FLINT (27) have made suggestions to account for the 
xerophytic vegetation of these sand plains, and for failure of crop 
plants on them. The barren areas have attracted most attention and 
it has been assumed that they might represent a condition not modi- 
fied by man. Their persistence has been attributed variously to 
almost total absence of humus, continual drying up of the surface, 
intense heat on sunny days, wind sweep and shifting character of 
the surface, nitrogen deficiency, high rate of evaporation, low water 
table, excessive looseness and porosity of the sandy soil, and low 
water retention. Britton (8) thought the scattered occurrence of 
black oaks on the barrens was due to burial of acorns by squirrels. 

The explanations of these workers seem either incomplete in that 
historical factors are completely ignored, or in partial error in at- 
tributing too much importance to the soil moisture relationship. 
These facts have influenced the course of the present investigation. 


Methods used are presented with results obtained in subsequent 
sections. 
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Regional habitat conditions 
CLIMATE 


General climatic conditions should resemble closely those of New 
Haven, and data are given for that city,’ based on a 63-year record. 
Temperatures are given in Fahrenheit and precipitation in inches. 

The annual mean temperature ranges from 47.1° to 53.1°, with 
an average of 50°. January, February, and July means are 28.7°, 
28.6°, and 72.2° respectively. Absolute maximum and minimum 
temperatures recorded are 101° in July and —15° in February. The 
average length of the growing season between killing frosts is about 
190 days, from April 15 to October 23, with minimum and maximum 
of 142 and 226 days respectively. The average annual precipitation 
is 45.79, with maximum and minimum of 60.26 and 34.72. June 
shows the lowest monthly precipitation average with 3.19, while 
August is highest with 4.39. Lowest and highest monthly precipita- 
tion extremes in the 63 years are 0.17 and 17.08, for September and 
July respectively. Amounts under 1 inch are recorded for all months 
except January, April, and July, while records just at or below 0.25 
are found for March, May, June, August, September, and October, 
indicating occasional conditions of severe stress in the water rela- 
tions of plants during the growing season. Yearly sunshine is 60 per 
cent of the possible amount, and July is high with 64 per cent. 
Seasonal snowfall is 39.3 inches, with minimum and maximum of 
7.3 and 76.0. 

PHYSIOGRAPHY 

The areas of detailed study lie between the village of North 
Haven (lower left corner of figure 3) and the borough of Walling- 
ford (upper right corner of figure 1) within the Quinnipiac-Farming- 
ton lowland of the larger Connecticut Valley lowland. Frnt (27, 28) 
has described in detail the probable time and manner of origin of the 
nearly level terraces of coarse sandy stratified drift which are found 
throughout this lowland. 

The upper surface of the terrace studied slopes southward from 
an 80 foot level at Wallingford to 40 feet above sea level at North 


3 Data from the Annual Meteorological Summary, 1935, of the New Haven Office of 
the U.S. Weather Bureau. 
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Haven. Its western margin meets the swampy floodplain or lower 
sandy terraces of the Quinnipiac River through a steep, west-facing 
slope, 10 to 20 feet or more in height. A number of springs emerge 
at the base of this slope, indicating underlying clay beds, but their 
occurrence is not a reliable criterion of the depth of the ground water 
table nor of the thickness of the sand deposit in the terrace as a 
whole. BROwN (10) states that the depth of stratified drift in North 
Haven in many places may be as much as 50 feet, and that the maxi- 
mum depth is probably more than 100 feet. His data show that the 
depth to water in dug wells located on the terrace in North Haven 
varies from 2 to 27 feet, lying in the majority of the wells between 10 
and 20 feet. The average depth in Wallingford is probably some- 
what greater. Certain areas on the terrace do show a ground water 
table above or near the surface during winter and spring, especially 
near the eastern margin, which adjoins ridges of Triassic sandstone 
covered with a thin layer of till. Perhaps this high water table is 
caused by the presence of collecting basins in the underlying and un- 
even sandstone or till. Till deposits project above the level surface 
of the plain locally, forming small rounded mounds or ridges, so that 
variation in the depth of ground water from place to place might be 
expected. But sandpit excavations, soil pits, and other lines of evi- 
dence indicate that in the areas of detailed study the vegetation is 
never under the influence of a high water table, and that the coarse 
sand deposit extends many feet in depth. 

In addition to the till mounds, the continuity of the plain is 
broken by a number of small transverse streams which have cut 
through the sand to considerable depth. Some of these have widened 
their ravines and now have small floodplains, and the vegetation 
under their control is decidedly different from that of the terraces. 
More important in the present problem is the occurrence of a num- 
ber of wind-formed sand ridges and hummocks. The largest of these 
reach lengths of several hundred feet, widths of 50 feet or more, and 
heights of from 3 to 10 feet. They stand isolated from one another 
in the surrounding plain. The long straight axes extend for the most 
part from east to west or from southwest to northeast. North and 
northwest winds have been most important in their formation. The 
relatively recent origin of these ridges, which may justifiably be 
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called dunes, will be brought out later. In general, dunes are of rare 
occurrence on the inland terraces in Connecticut. FLINT (27) pointed 
out that “the well developed soil at the surface of each terrace may 
date from the time when the terrace was exposed by draining, and 
when therefore ice was still present. If so, vegetation appeared on 
the terraces pari passu with the exposure of the latter to the atmos- 
phere. That this took place is rendered likely by the poor develop- 
ment of loess and dunes even where the exposed terraces were most 
extensive.” 


SOILS 


All of the soils of Connecticut were mapped by MarBut (39) in 
the gray-brown podzolic group, but with imperfectly developed pro- 
files. The soils of the terrace in question were mapped by MorGANn 
(41) as Merrimac coarse sand. Some of them belong to finer types in 
this same series, while others may be referred to the Hartford series, 
or to transitions. According to MorGan both series are well drained, 
with loose, coarse, gravelly, and sandy substrata at from 24 to 36 
inches’ depth, derived from level or nearly level terraces of sand and 
gravel deposited at the close of the glacial epoch. A color difference, 
probably caused by the presence of limonite in the Merrimac series 
and of hematite in the Hartford series, is the most obvious difference 
between the two series. The rock particles in each series are chiefly 
mineral fragments of quartz and feldspar with hornblende, micas, 
garnet, and magnetite as lesser and more variable constituents, all 
more or less stained by hematite or limonite. The acidic nature is 
obvious, but it is true that these terrace deposits do not differ greatly 
in their total chemical composition from the average for Connecticut 
rocks. Most of the soils in the area of study may be referred to the 
Merrimac series, and most of them are coarse sands. 

MARBUT (39) said of the Merrimac soils that ‘“‘very little profile 
development has taken place. Because of the very sandy character 
of the parent material and the practical absence of silt and clay, no 
well-developed podzolic texture profile is possible. Slight decomposi- 
tion of feldspar seems to have taken place, and a small amount of 
organic matter has accumulated in the upper 2 or 3 inches. The true 
Podzol profile is faintly developed in some of these sands, and it is 
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probable that, before the region was settled by white men, most if not 
all the areas had such a profile, but because of the smooth relief on 
which these sandy soils lie and the absence of boulders they were 
cleared and plowed at an early date. Thus the Podzol profile was 
destroyed.” 

A hypothetical “typical” soil profile, characteristic of most of 
the grassland and forested areas on the plains, and disregarding sur- 
face organic accumulations, may be described as follows: 

A. Thickness-8 inches; color-dark brown to very dark grayish 
brown, blackened when wet; texture—coarse sand; structure— 
single-grained, sometimes partially granular; consistency— 
loose. Lower limit well marked. 

B. Thickness—22 inches; color—yellowish brown or brownish yel- 
low, often with a reddish cast; texture—coarse sand, sometimes 
loamy ; structure—single-grained, sometimes partially granular 
to slightly cloddy; consistency—loose to friable, rarely firm. 

C. Thickness-variable, to underlying clay, till, or bed rock; color- 
variable, mixtures of gray, brown, yellow and red; texture- 
coarse sand, occasionally finer or coarser with gravel admix- 
ture; structure-single-grained; consistency—loose. Stratifica- 
tion present owing to nature of original deposition. 

The sharp, even lower limit of the A horizon at an approximate 
depth of 8 inches was thought at first to represent the lower limit of 
disturbance by plowing; but its presence in areas which would seem 
to have escaped cultivation (such as ancient fence lines and more or 
less isolated projections of the terrace on the western margin), the 
general absence of lighter colored material in this horizon, and the 
occasional greater depth to which its lower limit reaches, seem to 
negate such a hypothesis. While the disturbances which cultivation 
produces in a normal profile are recognized, it was felt that the evi- 
dence just given seemed to demand the assumption that large areas 
of this terrace had carried a persistent grassland cover prior to 
white colonization. This type of cover could easily account for the 
blackened character of the A horizon, and it is not probable that 
this character would be lost in the relatively short period of time 
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since settlement.4 The sharp lower limit is not easy to explain, but 
possibly coincides with the lower limit of the greatest average con- 
centration of grass roots. Following grass fires, carbon particles 
might also be carried to an approximately uniform depth by perco- 
lating water. 

Nearly all of the profiles examined which do not agree with the 
preceding description may be referred to truncated or buried varia- 
tions of this type. Those in forest or scrub often show incipient 
podzolization under a relatively thin humus layer. This layer seems 
to approach the root or leaf duff of RomMELL and HEIBERG (49), al- 
though it is not well developed in many cases. In some extremely 
local areas no profile differentiation could be recognized, but no defi- 
nite suggestions have been made to account for this fact. 

It would be expected that these soils are low in soluble nutrients. 
A summary of data for Merrimac coarse sand and related types from 
the papers of MorGAN (41) and Lunt (36) shows that they are lower 
in total nitrogen and total phosphorus than any other soil in Con- 
necticut, and are near the lower limits in total calcium and magne- 
sium. Total potassium approximates the average of all Connecticut 
soils, which are all low in available potassium. There is reason for 
believing that the sand plains soils are lower than the average in 
available potassium. Replaceable calcium is undoubtedly low, as in- 
dicated by the generally high acidity. This condition also suggests 
the presence of both soluble aluminum and manganese. The actual 
occurrence of these elements in soluble forms, which are apparently 
toxic to many plants, has been shown in tests by Morcan.' Avail- 
able phosphorus apparently occurs in much greater amount in the 
sand plains soils than in many other Connecticut soils. 


Vegetation 


REGIONAL CLIMAX 
The climatic climax of southern Connecticut is probably a mixed 
mesophytic deciduous forest, with or without an admixture of hem- 
lock. NICHOLS (42) states that ‘“‘the ultimate or climax formation at- 


4 These views of the writer have been substantiated by Mr. M. F. Morcan in 
personal communication. 


5 Personal communication. 
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tained in the region under surveillance [Connecticut] . . . . is a forest 
composed largely of deciduous trees and hemlock.’’ He names ap- 
proximately fourteen species of trees as important components, but 
goes on to state that “the forest is by no means uniform in structure 
throughout the state. Most widely disseminated and of greatest 
economic importance is the “sprout hardwood” type which repre- 
sents the usual climax formation over fully five-sixths of the state. 
This type of forest attains its highest development in the central 
lowland and along the coast, where it is dominated by chestnut, 
oaks and red maple.’’ Chestnut, of course, has since been eliminated 
as a tree. SHANTz and Zon (51) mapped southern Connecticut in 
their chestnut-chestnut oak-yellow poplar forest. Lutz (38) said that 
“there seems to be little question that hemlock-hardwood is the 
climatic climax association on the upland soils of southern New Eng- 
land.’”’ BRoMLEyY (9) considered that the ‘“‘typical mixed mesophytic 
forest’? composed of oak, chestnut, hickory, sugar maple, beech, 
tulip poplar, and a varying admixture of eastern hemlock represents 
the climatic climax in his general ‘‘oak region’’ of southern Connecti- 
cut, Rhode Island, and Massachusetts. NicnHoits (45) drew the 
boundary between his ‘“‘hemlock-white pine-northern hardwood for- 
est”’ and deciduous forest so as to include southern Connecticut in the 
last named. 

No climax forests of the kind here suggested now exist on the sand 
plains under consideration, and there is little evidence to indicate 
that they have been present in the past. Species commonly associ- 
ated with mesophytic climax forests are absent, or rare and of local 
occurrence, on these level terraces. In the opinion of the writer, 
there is insufficient evidence for assuming that, even barring dis- 
turbance, forests of this type would develop to any great extent in 
the future. The podzolization inherent in the maturation of the 
sandy soil profile under present climatic conditions will accentuate 
rather than diminish many of the edaphic factors inimical to such 
forests. The most stable and relatively permanent types of vegeta- 
tion now found on the sand plains may therefore be considered as 
climaxes limited by fire, man, or soil, alone or in combination. 
Whether we call them climaxes, qualifying the term by the descrip- 
tive adjective of the differentiating factor, such as edaphic, physio- 
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graphic, biotic, or fire, as does TANSLEY (53), or consider that they 
fall under some one of the proclimaxes of CLEMENTs (13), would seem 
immaterial, except that the proclimax must be “gradually replace- 
able by the latter [the climax] when the control of climate is not 
inhibited by disturbance.”’ The difficulty involved in calling them all 
proclimaxes hinges upon the possibility of designating as disturb- 
ances such relatively permanent characters as coarse sandy soil and 
increasingly inhibitory influences connected with podzolization. 


COMMUNITY RECOGNITION AND CLASSIFICATION 


The actual delimitation and classification of all the plant com- 
munities found in the areas of study involve certain difficulties. 
Since a very detailed causal analysis was desired, the recognition of 
associations and consociations (associes and consocies of CLEMENTS) 
along broad general lines was inadequate for careful correlation. 
Likewise the actual areal units are in many cases too small to allow 
such recognition, forming, as they often do, a mixture or mosaic of 
various types. Perhaps some communities might be recognized as 
fragmentary associations. In general the writer does not wish to 
assign some of his units to places in any of the various systems of 
classification of vegetational units, such as those of NICHOLS (44), 
BRAUN-BLANQUET (6), or CLEMENTS (13). 

The arrangement of the units in one psammosere, following 
NICHOLS’ treatment (43), is likewise inadequate, since it will be 
shown later that the area includes three or more subseres defined on 
the essential characters of the initial habitat. 

It is thought that the method of classification finally adopted will 
allow the reader to visualize and understand the essential ecological 
characters, the causal relations, and the successional sequence of the 
various plant communities without serious difficulty. It is based 
upon habitat, physiognomy, floristic composition, and succession 
with varying emphasis. 

The three or four physiognomic types of vegetation involved 
have already been suggested, and their general distribution in the 
area of study can be seen in figures 1-3. Light-colored areas are 
either barrens or cultivated fields. The latter are not considered, 
and can easily be recognized by their more uniform tone and the lack 














Fic. 1.—Figs. 1 to 3 are aerial photographs representing 1 mile in width, taken May 
1934, of portions of townships of Wallingford and North Haven, showing most of the 
areas of study. Quinnipiac River is on the left. Eastern and western margins of terrace 
shown approximately by the black lines. Light tones indicate barrens, especially the 
Trichostema-A ndropogon community, or cultivated fields; medium tones, the Andropo- 
gon-Cladonia association; dark tones, dominant woody vegetation; very dark tones, 
water table above the surface. Fig. 1 shows southern end of borough of Wallingford in 
upper right corner. Note extensive development of barrens, Andropogon-Cladonia as- 
sociation, and fence row communities. Reproduction by courtesy of Fairchild Aerial 
Surveys, Inc. 
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Fic. 2.—The stream near the upper margin, also visible at bottom of fig. 1, is the 
boundary line between North Haven and Wallingford. Two pitch pine stands, and 
several stands of the Andropogon-Cladonia association may be seen. Reproduction by 
courtesy of Fairchild Aerial Surveys, Inc. 
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Fic. 3.—Continuation of the area south of the portion shown in fig. 2. Portion of 
village of North Haven at lower left corner. Barren areas on left were among those 
studied by Britton (8). Reproduction by courtesy of Fairchild Aerial Surveys, Inc. 
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of darker patches which are found in the barrens and which indicate 
trees or grass. The term barrens is here used to designate all areas 
in which the surface soil is largely devoid of living vegetation or a 
cover of dead plant parts, so that bare sand is much in evidence, 
especially in winter. In some cases this includes woody vegetation 
with a nearly complete canopy. Areas of medium tone are grasslands 
in which the surface of the soil is almost completely covered by 
Andropogon scoparius, a mixture of lichens, mainly Cladonia spp., 
and mosses, as well as other herbaceous or semi-woody plants. 
These areas also show sporadic occurrence of trees and shrubs; the 
actual condition often resembles parkland or savanna. Areas of 
darker tone indicate dominant woody vegetation, either scrub or 
forest. The darkest tone is given by woodlands or forests of pitch 
pine. 

It was suggested that most of the soil profiles could be referred 
to the typical profile which was described, or to truncated or buried 
variations of this type. This fact forms a basis for recognizing three 
important initial habitats. The nature of these has considerable in- 
fluence upon the time and manner of origin, and upon the floristic 
composition and ecological character of the various successional 
stages. The most important initial habitat (type 1) is that of the 
“typical” profile already described. The next most important (type 
2) is one in which the A horizon has been entirely removed, with 
varying amounts of the B horizon, primarily by wind erosion, aided 
in some cases by surface washing. The third (type 3) is that in 
which deposition of sand by wind has brought about the formation 
of ridges and hummocks of varying depth overlying the typical pro- 
file. The essential relations of these habitats are shown in figure 4, 
and data for some of their important soil characters are given in a 
later section. 

Barrens are found on all three types of habitat, and communities 
of this nature are practically the only ones found on type 2. Type 
1 is covered primarily by grassland, scrub, or forest, but occasionally 
is barren, while type 3 is usually barren but sometimes shows suf- 
ficient ground cover to justify its removal from this category. 

Annual species are important in the earliest stages of succession on 
the barren areas. Three species, Hypericum gentianoides, Tricho- 
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stema dichotomum, and Polygonella articulata, may be considered as 
indicators of initial habitats 1, 2, and 3 respectively. Although each 
species is not an exclusive’ in the designated habitat or habitats, it 
does attain its highest values of abundance, cover, and frequency 
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Fic. 4.—Cross sectional diagram (not drawn to scale) illustrating major edaphic 
habitats on sand plains, and correlated plant communities. 


within areas of that type, and shows a high value for presence. It is 
logical, therefore, to utilize the species name in designating the 
community. Trichostema is also one of the most abundant and fre- 
quent species on railway embankments and roadbeds, and on com- 
pletely unweathered sand exposed in gravel pit excavations. 


6 This term and most of the other “phytosociological’” terms are used in the sense of 
BRAUN-BLANQUET (6). 
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Fic. 5.—Diagram of probable past and present successional relations of sand plains 
communities. 
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HYPERICUM COMMUNITY 


The Hypericum community (figs. 6, 9) is characteristically found 
on exposed lower windward slopes of wind-formed ridges and hum- 
mocks, in the region of outcrop of the A horizon (shown in figure 4); 
therefore it often appears as a long narrow strip. Further succes- 
sional development is apparently slow, and only a few other species, 
especially Andropogon, are found, although the habitat is open and 
much more favorable in its edaphic relations than is one with A 
horizon entirely lacking. It is interesting that the only pitch pine 
within the barrens communities was found on such a slope. The 
Hypericum community may also be well developed in local areas 
within the grassland community with intact A horizon (shown in 
figure 6), and may represent the first successional stage here. It is 
invaded by Andropogon and lichens, and later probably gives way 
completely to the grassland community, although the dominant 
species may persist as a relatively unimportant constituent within 
the grassland. Since Hypericum gentianoides is an annual, areas 
dominated by it are usually without a protective vegetative cover 
from the last of autumn until late spring, for it is tardy in germina- 
tion and growth. This is brought out in the data for the same quad- 
rat in 1a and rb in table 1. In spite of late germination, however, 
many individuals are in flower by the middle of July. The general 
relation of Hypericum and Trichostema is illustrated in quadrat 5, 
showing a relative decrease of the first and an increase of the second, 
correlated with the fact that most of the A horizon was missing in 
this quadrat. Quadrat 6 is shown in figure 6. 

Within the Hypericum community the species usually fails to at- 
tain the size which it often exhibits as a ruderal in fine sandy soils. 
Thus among the thousands of specimens counted in the six quadrats, 
the maximum height measured was 17 cm., and the average height 
of the largest plants was not more than 1o cm. Many of them were 
but 1-2 cm. tall and consisted of an unbranched shoot with a solitary 
flower or fruit. Root systems seldom exceeded 6 inches in depth. 

A relatively high frequency of the annual Stenophyllus is indicated 
by the data given, and it is a more or less constant though unim- 
portant member of the community. The situation changes in a cer- 














Fics. 6, 7.—Fig. 6 (above), Hypericum community in foreground, with quadrat 6 
(table 1). This community is being invaded by the Andropogon-Cladonia association 
in immediate background. Black oaks in an old fence line visible in distance. September 
19, 1935. Fig. 7 (below), Stenophyllus capillaris and Hypericum gentianoides in and near 
tracks of little-travelled road in Andropogon-Cladonia association. August 20, 1935. 
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tain variant of this community often found in tracks and along the 
edges of little-travelled roads and trails within the grassland (fig. 7). 
Here Steno phyllus becomes dominant, and the abundance of H yperi- 
cum decreases, although the average size of individuals is somewhat 
greater than in the typical community. Although no careful study 
was made, the root-top ratio in these two annuals seems lower than 
that of Trichostema. Their greatest abundance upon soils with an 


TABLE 1 
ABUNDANCE BY METER QUADRATS OF SPECIES IN THE HYPERICUM COMMUNITY 














QUADRAT 
SPECIES 
Ia 1b 2 3 4 5 6 
Polytrichum piliferum...].......).....0. o* Bhs 3 ok crea nore scene Pereattence 
Andropogon scoparius...|....... Hsdontlareodts lar r- a eee ee ee 2 
Panicum depauperatum..|....... Reena cr teriees Crete ee I 2) eee 
Stenophyllus capillaris. . . 3 2 [i (ener 7 P| ceed eee 
Hypericum gentianoides.} 2,961 | 3,218 | 1,042 | 619 428 145 | 4,946 
Trichostema dichotomum 58 43 16 10 29 Bee earns, oe 


























* 6 Limited occurrence but impossible to count. 


Dates of counting: ta, July 17; 1b, August 21; 2, 3, 4, 5, August 20; 6, September 19. The grass plants 
were seedlings. 


A horizon may be correlated with that fact, for such soils have a 
higher water-holding capacity and would be expected to be higher 
in available nutrients, especially nitrogen. 


TRICHOSTEMA-ANDROPOGON COMMUNITY 

This is the most important community in the barrens found on 
soils with A horizon lacking. The individuals of the two species 
vary in frequency and abundance from place to place, often occur- 
ring more or less sporadically, but also in definite patches or rows, 
as shown in figures 9 and 10. These concentrations seem to arise 
through the accumulation of fruits and seeds in footprints and in 
wheeltracks of wagons and automobiles, through wind action. The 
disseminules are almost immediately covered by drifting sand or by 
surface washing to a depth of o.5—2 inches, for tracks are soon 
obliterated. The importance of immediate burial in the barren 
areas cannot be overemphasized, especially when dealing with a 














1937] OLMSTED—SAND PLAINS VEGETATION 227 


species such as Andropogon with fruits well adapted for wind dis- 
persal. If they were not quickly covered, most of them would be 
carried out of the barren areas. This is not so true of seeds of the 





Fics. 8, 9.—Fig. 8 (above), stand 1a and rb (table 2) of Trichostema-A ndropogon 
community. Oaks and bare sand of Polygonella-Quercus community visible in back- 
ground. July 23, 1935. Fig. 9 (below), Trichostema dichotomum in automobile tracks, 
and scattered clumps of Andropogon scoparius. Hypericum community at upper left 
with Polygonella-Quercus community just above it. Andropogon-Cladonia association 
and scattered oaks at upper right. September 19, 1935. 


annual plants, which are so small that many of them seem to be 
carried downward to a depth of 0.25-0.5 inch in the loose surface 
sand by percolating rain water. 
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In addition to the importance of the tracks in catching fruits and 
seeds of these and certain other species, they also induce better 
conditions for ecesis. The surface inch or so of these barren areas is 
always blackened with organic and inorganic dust. Therefore, in 
spite of the fact that the immediate surface usually shows a desert 
pavement of very coarse sand and small gravel particles and pebbles, 
caused by deflation, the surface inch is higher in water-holding 
capacity, loss on ignition, and probably in available nutrients than 
are the lower layers. The mechanical effect of man and machine 
through tracking is to carry this surface layer downward en masse, 
resulting in an improvement in the general edaphic relations of the 
lower layers, often to a depth of 4 to 5 inches. Since the deposits 
which accumulate in the tracks are likewise rich in organic and in- 
organic dust, the total effect is a gradual though sporadic improve- 
ment of the habitat. A certain amount of seed burial and soil mixing 
is also brought about by the activity of moles. These effects of burial 
and improvement must account in large measure for the great in- 
crease in abundance and frequency of Andropogon on most of the 
barren areas during the past 35 years which is plainly visible in 
photographic records.’ Thus it seems clear that eventually this type 
of barren area may be reclaimed by a more or less continuous grass- 
land cover. As yet, however, there is little indication that such 
grasslands will soon resemble those now in existence in their details, 
since lichens are not invading the bare sand between the clumps of 
grass as they do in the grassland communities developed on the pro- 
file with A horizon intact. Since observation shows that actual 
abundance and frequency of living grass clumps may be as great in 
one community as in the other, failure of lichen establishment prob- 
ably does not result entirely from removal of propagules from the 
barren areas by wind sweep. The suggestion is advanced that many, 
if not most, of the lichens available for colonization are species which 
require a certain amount of organic material in the substratum for 
successful establishment. This material is mainly lacking in the 
truncated soil profile. Cladonia cristatella f. abbreviata is sometimes 
found on dead leaves within the clumps of grass. This species is 
notorious for its “humus requirement.” 


7 Personal communication from G. E. NicHotLs. 
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AUTECOLOGY OF TRICHOSTEMA.—Comparison of the permanent 
quadrat data for abundance in stand 1a and tb in table 2 (this stand 
is shown in figure 8) indicates the death of many individuals of 
Trichostema in the eight weeks’ interval. That habitat conditions 
are near the extreme limits of toleration by this species is also shown 
in the fact that only 374 of the 567 individuals still alive on August 
21 showed any indication of flowering. Most of the others had but 


TABLE 2 


METER QUADRAT DATA FOR TRICHOSTEMA-ANDROPOGON COMMUNITY. 
QUADRATS SPACED 50 FEET APART ON ONE OR MORE LINES 


























1a 1b 2 
SPECIES 20 QUADRATS 25 QUADRATS 
A* F% C% A F% C% A F% C% 
Andropogon scoparius (ma- 
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Andropogon scoparius (seed- 
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* A, abundance in all quadrats; F, frequency %; C, cover %. Dates of counting: 1a, June 29; rb, 
August 21; 2, July 17. 
one or two pairs of leaves in addition to the cotyledons, and some 
showed only one cotyledon. The height range of 0.3 to 8 cm. was in 
marked contrast to that of 25 to 50 cm. which the species often at- 
tains in favorable habitats. 

Trichostema shows a longer period of activity than does Hyperi- 
cum. On April 27, 1933, a close examination of the surface of the sand 
showed many cotyledons of the first species already in view. Roots 
had attained a length of 4 to 5 cm. No further growth above ground 
was evident until the first week in June. May was a month of severe 
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drought; nevertheless the root systems were being extended. Ma- 
ture individuals 6 to 8 cm. in height often have root systems extend- 
ing to depths of 20 to 25 cm., with a lateral spread of the same mag- 
nitude. Trichostema rarely flowers before the first week in August, 
when the larger individuals produce flowers and fruits in abundance. 

AUTECOLOGY OF ANDROPOGON.—A. scoparius is the most impor- 
tant species in the sand plains vegetation as a whole, occurring as a 
more or less important constituent in all of the barrens communities 
and as a dominant in the Andropogon-Cladonia association. Within 
the barrens effective burial of fruits of this species and consequent 
ecesis seem to occur mainly in the manner just described. Seedlings 
once established seem to have a strong hold on life, although their 
increase in size above ground is very slow. Probably few clumps pro- 
duce flower stalks before they reach an age of 5 or more years, in 
spite of absence of competition. WEAVER and FITzPATRICK (57) 
state that this species may flower and fruit the first year in the 
absence of competition, and within 2 to 3 or more years in the prairie. 
Many of the plants on the sand plains, however, grow to form clumps 
which are 2 to 3 feet or more in diameter in contrast to the maximum 
size of 1.5 by 2 feet, or the more usual diameter of 6 to 8 inches re- 
corded in the prairie, by WEAVER and Fitzpatrick. It undoubtedly 
. takes many years for them to reach such a size. A characteristic 
feature of such clumps is death of the central and growth of the 
peripheral portion to produce “‘fairy-ring” circles. An early stage in 
this development is seen in figure 11. Since the desert pavement is not 
complete in barrens with A horizon lacking, deflation of the general 
surface is still going on slowly. When a clump of Andropogon has 
reached a diameter of 2 to 3 inches, it not only tends to prevent 
removal of sand from underneath it, but also catches wind-blown 
material. Consequently, with increased growth of the clump, con- 
tinued accumulation of sand within it, and continued deflation 
outside, the relative level of the clump becomes higher and solid 
cushions of sand and grass are formed up to 6 inches in height. 
In larger fairy-rings, the surface of the central portion may con- 
sist entirely of wind-blown sand into which one must dig to a 
depth of 1 inch or more to uncover the dead leaves and culms of 
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earlier growth. That the death of the central portion is not caused 
entirely by sand burial is indicated by the fact that WEAVER and 








Fics. 10, 11.—Fig. 10 (above), Trichostema-Andropogon community showing de- 
velopment of Andropogon clumps in parallel rows, resulting from accumulation of fruits 
in wheel tracks. Quercus spp. association growing on western margin of terrace in back- 
ground. June 29, 1935. Fig. 11 (below), fairy-ring of Andropogon scoparius. Average 
diameter of clump is 16 inches and average basal level is 2 inches above that of sur- 
rounding sand. Desert pavement well shown. August 20, 1935. 


FiITzPATRICK recorded a similar deterioration of clumps in the prairie 
region, where no burial occurs. 
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Above-ground parts of a plant of Andropogon are not indicative 
of the total bulk of the individual. The root-top ratio is very high. 
Thus an isolated plant with an estimated age of 4 years had ap- 
proximately one hundred leaves 3 to 5 inches in length, and a num- 
ber of shorter ones. Its basal area was approximately 2 square 
inches, with a top spread 5 inches in diameter. The root system con- 
sisted of seventy main fibrous roots, which branched repeatedly. 
Tips of some of these roots were found at depths of 33 inches directly 
beneath the plant, but most of them extended horizontally within 
the surface 15 inches of sand, greatest concentration occurring at 
the 6 to 10 inch level. The straight-line distance from the farthest 
tips of many of these laterals to the base of the plant was often 4 
feet. Many secondary roots branching off from these laterals at in- 
tervals of o.5-1 inch extended horizontally at right angles for dis- 
tances of 6 to 10 inches, while others extended directly upward to 
within 2 inches of the surface. No roots were found within the sur- 
face 1.5 inches of sand. Thus the roots of the plant described were 
ramified throughout more than 50 cubic feet of soil. Probably the 
actual volume of soil occupied by the roots of any one clump does 
not exceed this amount to any considerable degree, no matter what 
the size or age of the clump. In any case, the maximum depth re- 
corded for Andropogon roots in any one of numerous excavations was 
50 inches, and the horizontal extent was nowhere more than 4 feet 
from the periphery of the clump. In all cases, most of the roots were 
concentrated in the surface foot of sand, even in the Andropogon- 
Cladonia association where there is some competition between indi- 
viduals. This general root habit may be contrasted with that of the 
same species in the prairie region under conditions of severe competi- 
tion, where it usually reaches depths of 5 feet but has a much smaller 
horizontal spread. 

ROOT SYSTEM OF PANICUM DEPAUPERATUM.—This species is the 
next most important grass in the sand plains, and is nearly always 
associated with Andropogon scoparius. It also exhibits a high root- 
top ratio. A mature individual with a basal area 3 inches in diame- 
ter, an average height of 4 inches, a top spread 1 foot in diameter, 96 
culms, and 208 green leaves, possessed 261 main roots at a distance 
of 1 inch from the base of the clump. The system of spreading is 
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somewhat different from that of Andropogon; the roots are con- 
siderably finer, and are more easily broken. A much greater number 
seem to extend vertically downward. In the plant described these 
reached depths of 24 to 33 inches. Other roots extended horizontally 
for 1 foot or so at a depth of 2 to 6 inches and then turned directly 
downward to reach depths of 10 to 24 inches. Still others continued 
their horizontal spread 18 to 24 inches. The maximum length re- 
corded for a main root was 38 inches. The main roots give rise to 
innumerable branches, which reach varying lengths, but are so easily 
broken by falling sand that excavation is almost impossible. As 
many as 16 branches per inch of main root were recorded. 

INVASION OF OTHER SPECIES.—Small mounds of sand 2 to 3 inches 
in height also tend to accumulate around the larger bunches of 
Panicum depauperatum, although this species does not form fairy- 
rings as does Andropogon. Disseminules of these two grasses and 
those of other plants are buried in these peripheral accumulations of 
sand, thus obtaining favorable conditions for germination. The seed- 
lings recorded in table 2 mainly have such an origin. Most of them 
fail to survive, and this failure may be caused by further sand shift, 
or by mechanical uprooting through the sweeping action of the long 
dead culms of Andropogon whirled in a circular direction about each 
clump during high winds. Some do survive, however, and this 
method of burial, plus that in tracks, probably accounts in large 
part for the occasional occurrence of a number of species of other 
perennial plants in the Trichostema-Andropogon community. Prom- 
inent among these are Helianthemum majus, Baptisia tinctoria, 
Les pedeza capitata, Asclepias amplexicaulis, and A. syriaca, all of 
which develop deep and widely spreading root systems. The tap 
root of a vigorous plant of Baptisia 3 feet high was found to reach a 
depth of 55 inches, where it broke up into a cluster of small roots. 
It gave off a number of thick horizontal and descending laterals, 
some of which reached a like depth, or extended horizontally as far 
as 6 feet from the base of the plant. The total length of the longest 
lateral, and of the tap root from the origin of the lateral to the sur- 
face of the soil, was 9 feet. 

AUTECOLOGY AND IMPORTANCE OF QUERCUS VELUTINA IN THE 
COMMUNITY.—Two species of oaks invade the Trichostema-Andro- 
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pogon community. Of these, Quercus velutina is much more impor- 
tant than the dwarf Q. ilicifolia. The origin, development, and im- 
plications of the first named species have been carefully studied. 
Britton (8) was undoubtedly correct in attributing the presence of 
black oaks in certain of the barren areas mainly to the burial of 
acorns by squirrels. Very few oaks under to years of age are found 
within the Trichostema-Andropogon community, the Hypericum 
community, or even the Andropogon-Cladonia association, for which 
such an origin cannot be demonstrated easily. The same is true to a 
lesser degree in communities with a substratum of wind-borne sand. 
Without dispersal by squirrels the acorns would not enter many of 
the areas, and even though they did, no establishment would occur 
without burial. 

Acorns in squirrel caches are usually buried to a depth of 2 to 4 
inches, each cache being from 1 to 3 feet in length and 2 to 3 inches 
wide. The range in number of acorns found in many caches was 
twenty-three to eighty-four and the average about forty. The fate of 
these acorns varies. Thus one cache of fifty-eight acorns (fig. 12), 
apparently buried in the fall of 1933 to a depth of 4 inches, showed 
but one oak seedling above ground in the summer of 1935. The acorn 
had germinated in the spring of 1934. Twenty-eight of the acorns 
had failed to germinate. The other twenty-nine acorns had also ger- 
minated in the spring of 1934 and the embryonic plants had de- 
veloped vigorous tap roots 8 to 14 inches long. All were still alive 
when the cache was excavated in 1935 but not one had sent a shoot 
above ground. The shoots had grown upward about 2 inches, when 
many of the terminal growing points died, and branches arose from 
the cotyledonary buds or other lateral growing points. These also 
failed to reach a level higher than 1.5 inches below the surface. At 
this level both terminal and lateral growing points extended in a 
horizontal or downward direction. Possible explanations for such 
erratic behavior might be that the acorns were buried too deeply, or 
that the high surface soil temperatures of the open sand or its usual 
dry condition might be responsible. In a cache which was a year 
older, two out of twenty-seven acorns had produced seedlings, two 
had failed to germinate, and the other twenty-three had performed 
in a manner similar to that described, some of which were still alive 
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2} years after germination. Another cache, 4 years old, showed ten 
seedlings, eleven ungerminated acorns, and two with erratic be- 


ws 





Fics. 12, 13.—Fig. 12 (above), partial excavation of black oak seedlings in squirrel 
cache. Top of ruler is at surface level. July 3, 1935. Fig. 13 (below), two adjoining 
groups of oaks with origin from squirrel caches in Trichostema-A ndropogon community. 
Group to right is 9 years old. Quercus spp. association in background, growing on 
western margin of terrace. July 23, 1935. 


havior. The largest oak with unquestionable origin from a squirrel 
cache was an isolated specimen 54 inches tall, apparently 12 years 
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old. Forty-two rotting acorns were recovered near its base. Nine of 
them showed evidences of germination, but none had developed 
shoots above the surface. 

Immediate success is not assured for those oak seedlings which get 
above ground. Defoliation by insects, death of the terminal growing 
point through various causes, and other injurious influences bring 
about a high mortality, and those which survive are kept in an 





Fic. 14.—Five black oaks, with separate bases and root systems, showing origin 
from squirrel cache in Trichostema-Andropogon community. August 31, 1935. 


aerially suppressed condition for 5 or 6 years. During this time, how- 
ever, the root systems are growing vigorously. Plants which reach 
ages of 10 years seem relatively certain of survival, although they 
may not reach or exceed 2 feet in height. By this time all but the 
most vigorous specimens have been eliminated. These usually range 
in number from one to three per cache, and from this period onward 
undergo a very rapid increase in growth rate, so that trees may be 50 
feet tall at an age of 50 years. Many trees, however, never attain 
such a rate. Usually one or two trees in each cache gain the as- 
cendency. One group of four, of which the tallest was 47 feet, showed 
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trunk diameters breast high of 13, 12.5, 7.5, and 5.5 inches, with 
ages at the same height of 38 years. The bases were grafted together 
through pressure caused by diameter increase, but it seems very 
probable that their origin was in a squirrel cache. Fully half of the 
largest oaks in grassland and barrens show this type of grouping. 
This might also arise through basal sprouting after injury, but all 
the evidence seems to indicate that it is probably caused more often 
by common origin in a squirrel cache. This is evident for the trees 
shown in figures 14 and 21. 

The rapid and extensive growth of the root systems of black oaks 
has already been mentioned. Scattered data to support this state- 
ment were obtained in soil pit excavations, as well as in direct exca- 
vation of seedlings. Seedlings 2 or 3 years old usually showed a well 
developed tap root about 2 feet long. This gave rise to two or three 
large laterals in the upper foot, which extended more or less hori- 
zontally 12 to 30 inches. The tap root and these laterals also bore 
numerous small short roots. 

The most careful excavations were those which uncovered the 
roots of the eight small oaks shown on the right hand end of the row 
in figure 13. These trees had grown from acorns in a cache about 1 
foot long. Forty acorns were recovered at a depth of 3 inches. The 
trees were g years old, and the total length of their main stems varied 
from 12 to 26 inches. The soil showed a truncated profile with the 
old A horizon entirely missing, and the bottom of the B horizon at a 
depth of 17 to 18 inches. The largest tree carried 331 leaves with a 
total area of 366 square inches on twenty-two, thirty-one, and six 
primary, secondary, and tertiary branches respectively. The com- 
bined stem length was 198 inches. The 39 inch tap root broke up into 
many fine branches near its end, the deepest ending at 38 inches. 
Twenty-one important laterals arose from the tap root, fifteen of 
which started in the surface 7 inches of sand. These varied in length 
from g to 175 inches as measured, although breakage prevented com- 
plete measurement of some of them. Their combined length as meas- 
ured was 984 inches. Making allowance for those which were broken, 
the total length of the important root branches of the first order thus 
was five times greater than the total stem length. But the lateral 
and tap roots also carried many fine branches which were not meas- 
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ured. Regardless of depth of origin, most of the laterals soon curved 
downward or upward to a 6-10 inch level, and extended in a straight 
horizontal direction at this depth. The next largest tree carried 167 
leaves with a total area of 457 square inches on seventeen, sixteen, 
and one primary, secondary, and tertiary branches, with a combined 
stem length of 140 inches. This tree had a 49 inch tap root pene- 
trating to 40 inches. Twenty-nine important laterals arose from it, 
with a combined length exceeding 1,186 inches. These varied in 
length from 6 to 167 inches, and sixteen of them had their origin 
from the upper 7 inches of the tap root. 

These measurements indicate the great development of shallow 
lateral roots and a limited tap root development by the black oaks 
grown in the open. In some of the smaller trees the tap roots at- 
tained lengths of 130 inches, but did so by making an abrupt turn at 
a depth of 12 to 20 inches to pursue horizontal courses. Consequent- 
ly most of the root system is found above the C horizon. This same 
type of root habit was indicated for forest-grown trees on normal 
profiles in soil pits among them. The yearly growth rate of the sur- 
face lateral roots is astounding. Laterals up to 18 feet long were 
found on a 12 year tree, while living roots up to 0.25 inch in diameter 
have been uncovered at a distance of 80 feet from the nearest oak, 
which was not older than 50 years. 

Lunt (37) studied the distribution of moisture beneath such 
isolated trees on the sand plains. He found that only about 75 per 
cent of the precipitation reached the ground under large trees, and 
that after a dry period in summer, relative wetness values of the 
sand were lowest in the immediate vicinity of the tree base, and 
“increased in irregular zones with increased distance from the trunk, 
and with depth.” In spite of this effect upon the soil moisture rela- 
tion during dry periods, such trees serve as colonization centers 
through which other species invade the Trichostema-Andropogon 
as well as other communities in which such isolated trees occur. 
The effect of shade and shelter reduces evaporation of the surface 
soil moisture following rains, lowers the maximum soil temperatures, 
and hinders wind sweep. The actual conditions vary under each 
tree, depending upon the crown form, with high or low spreading 
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branches, and its effect upon sand accumulation and extent of 
shading. 

Many of these trees in any type of barren area shelter large mats 
of Polytrichum piliferum, especially on the north sides (fig. 15). A 
crustose lichen, Lecidea uliginosa, is often associated with the moss. 
These mats with their rhizoids bind the loose sand to a depth of 1 to 2 
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Fic. 15.—Large black oak with a low fork, possibly representing two individuals 
with grafted bases, growing in Hypericum community island in Andropogon-Cladonia 
association. The picture, taken from the northeast, shows a mat of Polytrichum pili- 
erum, Lecidea uliginosa, Cladonia strepsilis, and C. cristatella under the tree. Seedlings 


of black oak, gray birch, and Andropogon scoparius were growing on this mat. Septem- 
ber 22, 1935. 


inches, and collect wind-borne sand, dust, and plant disseminules. 
Fruticose lichens, such as Cladonia mitis, C. caroliniana, C. uncialis, 
and Cetraria islandica, soon come in on many of these mats (fig. 17) 
when the shade is not too dense, together with foliose and crustose 
forms such as Baeomyces roseus, Cladonia cristatella, C. strepsilis, C. 
bacillaris, C. chlorophaea, and C. coniocraea. These lichens may de- 
velop to such an extent that the moss is nearly eliminated. Other 
mosses, such as Pholia nutans and Dicranella heteromalla, may enter 
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these mats also, although they are more typically found under 
isolated trees in areas with a normal soil profile. Higher plants in- 
cluding oak seedlings also invade these mats and bring about their 
destruction. Some of these vascular plants may survive after the 
death of the sheltering oak, and form a permanent nucleus of woody 
vegetation. In other cases death of the oak results in the elimination 
of most of the species which developed in its shade. 

The higher plants may also come in on open sand under the trees, 
even though no moss mat has developed. These species usually have 
either wind or bird-distributed fruits or seeds. Consequently the 
species population under large oaks varies considerably. Seedlings of 
Betula populifolia, Prunus serotina, Quercus velutina, Andropogon 
scoparius, Panicum spp., and Baptisia tinctoria, together with ma- 
ture individuals of Trichostema dichotomum and Asclepias amplexi- 
caulis, were found under one tree. Mosses and lichens were absent, 
but a 6 inch deposit of wind-blown sand had accumulated on the 
west side of the trunk to a distance of about 4 feet. Another oak 
sheltered a considerable number of individuals, and about 1 foot of 
sand had accumulated under it to a distance of 8 feet from the trunk. 
Numerous small trees of Betula lenta up to 6 feet in height occupied 
most of the ground under the northern part of the crown, while a 
semicircle of individuals of B. populifolia up to 6 feet in height was 
found on the east, south, and west sides at a distance of 8 to 10 feet 
from the base of the oak. These trees were partially covered by the 
overhanging branches. This type of circle is common, especially un- 
der oaks growing in the Andropogon-Cladonia association (fig. 23). In 
addition to these larger trees, smaller seedlings of black oak were 
present, with Andropogon scoparius, Trichostema dichotomum, and 
Polygonella articulata. The ground was thickly covered with acorns, 
few of which are ever buried deeply enough to allow germination. 
One other large oak growing in the center of a Trichostema-Andro po- 
gon community sheltered the following population of species: 
Andropogon scoparius, Panicum depauperatum, P. spp., Carex um- 
bellata, Betula populifolia, B. lenta, Quercus velutina, Polygonella 
articulata, Prunus serotina, Baptisia tinctoria, Chimaphila maculata, 
Vaccinium vacillans, and Trichostema dichotomum. 
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More important in successional implications than any of the facts 
mentioned thus far about these isolated oaks is their status as a 
source of acorn supply for further burial by squirrels and consequent 
increase of the species in the barren areas. Caches are found as far 
as 200 feet from the nearest mature tree, often in great numbers. 
Over twenty-five groups of oaks ranging in age from 1 to 16 years 
were found within a radius of 100 feet from one isolated tree. The 
dynamic significance of this fact is apparent. In some areas, how- 
ever, there has been practically no increase in numbers of oaks in the 
past 35 years, as shown by photographic records. 


POLYGONELLA-QUERCUS COMMUNITY 


For a number of reasons this community is difficult to describe, 
since it varies considerably in composition, in density of crown and 
ground cover, and in its dynamic relations. Its major unifying fea- 
ture is physiographic, namely, that of its development primarily on 
wind-blown sand which has accumulated in long ridges or dunes of 
varying height above a normal soil profile. This sand originates from 
barren areas at present carrying the Trichostema-Andropogon com- 
munity. A brief summary of the history of these ridges, for which 
detailed evidence is presented in the section on historical factors, is 
given now to elucidate the complexities involved in treating this 
community as a natural unit. 

When the townships of North Haven and Wallingford were 
colonized, the sand plains areas, with their level surfaces and lack of 
dense forest cover, invited immediate cultivation. They were di- 
vided into numerous small fields of a few acres each, following the 
usual New England method of land allotment. After inclosure with 
zigzag rail fences, many were put under cultivation, with resultant 
destruction of all native vegetation except that in the fence rows. 
This probably consisted of a more or less continuous cover of 
Andropogon scoparius, with occasional forbs, trees, and shrubs of a 
considerable number of species. The fences afforded perches for 
birds, with the resultant invasion of such bird-distributed species as 
Juniperus virginiana, Rhus spp., Rubus spp., Pyrus arbutifolia, 
Prunus spp., Psedera, Celastrus, Gaylussacia, Vaccinium, etc. Wind- 
borne seeds and fruits accumulated near them. In addition, the col- 
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onists planted tree species in the fence rows, such as Platanus oc- 
cidentalis, Quercus palustris, Acer saccharum, and A. rubrum. 

Rapid soil depletion soon brought about a cessation of cultivation. 
Probably most of the fields had been abandoned by 1800. In some 
of the fields no wind erosion occurred, either before or after abandon- 
ment, and these fields were eventually reclaimed by the Andro pogon- 
Cladonia association. In many, however, wind erosion was concomi- 
tant with cultivation, and probably was a major factor in bringing 
about abandonment. This erosion resulted in removal of the A hori- 
zon. The wind-borne sand was deposited chiefly in and along the 
fence rows on the south and east sides of each field, sometimes to 
depths of 8 feet, although usually not more than 3 to 4 feet. Ac- 
cumulation was not rapid, and in some instances is still continuing. 
Many of the species present in the rows, especially the grasses and 
forbs, were not true dune formers, and failed to survive after a few 
inches of sand had been deposited over the surface. Some of the tree 
and shrub species have survived to the present day, by repeated 
sprouting, although the original trunks are gone. This is true of the 
maples and sycamore. In the main, however, the habitat was now 
relatively open and bare, with the exception of scattered trees and 
shrubs, for the fences were soon removed. The annual Polygonella 
articulata probably reached great abundance, which it still main- 
tains. It is the best indicator species of such deposits. The yearly 
slow accumulation of sand buried numerous wind-borne disseminules 
of Betula populifolia and acorns from occasional trees of Quercus 
velutina which persisted. Burial of the latter by squirrels also oc- 
curred, so that an irregular, fairly continuous row of trees developed 
on these ridges, composed of one or both species. Betula lenta came 
in but was much less important. Such rows, dividing the barrens 
into numerous small rectangular units, are evident in figure 1. In 
many of these rows few other species are present besides the trees 
and Polygonella. Where there was an early cessation of sand deposi- 
tion, moss and lichen mats developed under the trees. These may 
now form a nearly continuous ground cover for the entire ridge, as 
shown in figure 17. On one of the largest ridges, that to the east of 
the large barren 1 in figure 3, the tree canopy is complete, primarily 
of black oak, with a relatively thick undergrowth of bird-dispersed 
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shrubby species, the most important of which is Rhus toxicodendron. 
Berberis vulgaris, Viburnum acerifolium, and the herbaceous Smila- 
cina racemosa and Polygonatum commutatum are rare. For the most 
part the actual soil surface is bare. Another ridge shows a local de- 
velopment of thickets of Pyrus arbutifolia and its var. atropurpurea, 
Rhododendron viscosum, Kalmia angustifolia, Lyonia ligustrina, and 
Gaylussacia baccata. 





Fic. 16.—Looking eastward along crest of dune, Polygonella-Quercus community. 
Note groups of oaks and mat of Polytrichum piliferum just below center of picture. 
September 19, 1935. 


The dune shown in figure 16 is typical for this community. This 
ridge is approximately 1200 feet long, and varies in width from 45 to 
89 feet of wind-deposited material. Average maximum depth of this 
material above the normal profile is probably 4 feet, although oc- 
casional blowouts are lower. As shown, large black oaks are the most 
important constituents in the tree cover, and are more numerous on 
the southern lee slope than on the north windward slope. This great- 
er abundance on the lee slope is probably caused by the burial of 
acorns by sand drift, while the trees on the north have their origin 
mainly from squirrel caches. Enormous numbers of black oak seed- 
lings are sometimes found on the lee slopes. The total plant popu- 
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lation of this dune was listed, and the species arranged in groups of 
primary, secondary, and tertiary importance. The ranking was sub- 





Fics. 17, 18.—Fig. 17 (above), solid mat of Polytrichum piliferum partially overgrown 
by Cladonia mitis on wind-deposited sand ridge along an old fence row. Large black 
oaks and stump of Juniperus virginiana in background. Mat carries seedlings of 
Andropogon scoparius and Juniperus virginiana and one plant of Asclepias amplexicau- 
lis. July 12, 1935. Fig. 18 (below), Carex pennsylvanica and Lecidea uliginosa on wind- 
deposited sand ridge. Small amounts of Cladonia strepsilis and C. cristatella also present. 
September 19, 1935. 


jective, but based chiefly on a combined estimate of abundance and 
cover. Species of primary importance, arranged in taxonomic se- 
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quence, are Lecidea uliginosa, Polytrichum piliferum, Betula po puli- 
folia, Quercus velutina, Polygonella articulata, and Platanus occiden- 
talis. Species of secondary importance are Cladonia strepsilis, Di- 
cranella heteromalla, Andropogon scoparius, Panicum depauperatum, 
P. tsugetorum, P. columbianum, Prunus serotina, and Trichostema 
dichotomum. Species of tertiary importance, usually rare, are Diplo- 
schistes scruposus parasiticus, Lecidea granulosa, Cladonia cristatella, 
C. coniocraea, Geaster sp., Juniperus virginiana, Panicum auburne, 


TABLE 3 
ABUNDANCE BY METER QUADRATS IN SOCIETY OF LYSIMACHIA QUADRIFOLIA 














QUADRAT 
SPECIES 

I 2 3 4 
Cladonia mitis. . | OP OB assacees 
Og” reer errr! ee era onesies nee 6 a) 
C. cristatella...... Ree ree S| ae ae Mm © Baarauese 6 
a ee Serene: emer: Vere aia em Sirs lee os 
CUCPATIN TIANOIGS. ... 6... 66 oe cokes RSE Gee Ce. Ete ateas Soe rene 
Andropogon scoparius (seedling). ....}..... ee 4 2 51 
Panicum depauperatum (seedling)... . 18 10 6 8 
P. spp. (seedlings).............. 5 3 I 5 
Betula populifolia (seedling).........}..........  ~ iB. cacceclberew ewes 
Polygonella articulata..... an 13 18 24 23 
Hypericum gentianoides. .. . ee PCE ree) Meee hl AAe I 
Lysimachia quadrifolia... . . wae 29 36 47 57 
Trichostema dichotomum.......... 61 4 14 35 

















* 6 Present but unimportant. Date of counting: August 20, 1935. Average height of Lysimachia 12 

cm., maximum height, 20 cm. 
P. commonsianum, Danthonia spicata, Cyperus filiculmis macilentus, 
Cypripedium acaule, Sassafras variifolium, Rhus toxicodendron, Acer 
rubrum, Hypericum gentianoides, Helianthemum majus, Monotropa 
uniflora, Vaccinium corymbosum, Fraxinus americana, and Ascle pias 
am plexicaulis. 

Other species not mentioned thus far on the sand ridges, which 
may have considerable local importance, are Carex umbellata, C. 
pennsylvanica, and Helianthemum propinquum. Low caespitose 
clumps of the first species, often a foot or more in diameter, occur on 
such deposits, usually on fairly stable surfaces near trees. The sec- 
ond species is an excellent stabilizer and may form extensive carpets 
on these ridges, readily invaded by Lecidea uliginosa (fig. 18). The 
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third species develops large mats on these deposits as well as on 
unweathered sand on the floor of sand pits. Lysimachia quadrifolia 
becomes established on the ridges under oaks and spreads rapidly by 
means of vigorous vegetative propagation, although flower and fruit 
production is limited and shoots of the plants are small, often not 
more than 12 cm. high. Abundance in meter quadrats in such a 
society around one tree is given in table 3. 


ANDROPOGON-CLADONIA ASSOCIATION 


This community is undoubtedly worthy of association ranking. 
It covers a larger area than any other type of natural plant com- 
munity on the sand plains. Each stand shows the same essential 
grouping of species, occurring almost exclusively on areas with a 
normal soil profile, which experienced early cultivation and were 
then abandoned. General views of this community are seen in fig- 
ures 6 and 19. It probably resembles original vegetation on these 
areas later eliminated except along the fence rows during the period 
of cultivation. The successional sequence following abandonment 
may be inferred. 

GRASSES AND FORBS.—The first abundant invaders were probably 
annuals, especially Hypericum gentianoides. In some of the larger 
fields, isolated islands of this species are still found (fig. 6). How- 
ever, grasses, especially Andropogon scoparius, Panicum depaupera- 
tum, and a number of species of Panicum in the sections Lanuginosa, 
Columbiana, and Sphaerocarpa, soon invaded these open fields from 
their fence row refuge, developing scattered bunches of varying size 
which in time occupied fully 25 per cent of the soil surface. Numer- 
ous forbs entered at the same time or later. This invasion continues 
to the present time. Many species of forbs, rare in the Andro pogon- 
Cladonia association at present or restricted to their undisturbed 
habitat in old fence rows from which the rails were long since re- 
moved, were doubtless occasional or abundant in the pre-colonial 
grassland. Among such forbs are Fragaria virginiana, Potentilla ca- 
nadensis, P. pumila, Lupinus perennis, Tephrosia virginiana, Des- 
modium rigidum, Linum virginianum, Lechea intermedia, L. villosa, 
Viola pedata, V. fimbriatula, A pocynum cannabinum, Stachys hysso- 
pifolia, Pycnanthemum virginianum, Eupatorium hyssopifolium, Chry- 














Fics. 19, 20.—Fig. 19 (above), general view of Andropogon-Cladonia association, 
with scattered young black oaks and gray birch. Large trees to left are Betula lenta in 
an old fence line. August 19, 1935. Fig. 20 (below), meter quadrat in Andropogon- 
Cladonia association, showing mat of Polytrichum piliferum and lichens completely 
covering the ground between the grass clumps. Seedlings of the grass are present on 
this mat. September 19, 1935. 
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sopsis falcata, Solidago bicolor, S. juncea, S. odora, S. rugosa, S. 
tenuifolia, Aster dumosus, A. vimineus, Sericocarpus asteroides, 
Antennaria neglecta, Anaphalis margaritacea, Gnaphalium polyce- 
phalum, Helianthus divaricatus, Krigia virginica, and Hieracium 
scabrum. Many of these are completely restricted to ancient fence 
lines, or are found rarely in the Andropogon-Cladonia association 
where the community developed on the sands of highest colloidal 
content. Panicum meridionale, P. sphaerocar pon, P. scribnerianum, 
Agrostis perennans, Danthonia spicata, Eragrostis spectabilis, Poa 
compressa, Carex brevior, C. merritt fernaldii, Juncus tenuis, and 
Luzula campestris multiflorus are constituents of this association only 
on such sands, although some occur in other communities. 

Certain forbs and grassy plants have been more successful in 
re-establishing themselves, and are not uncommon in most stands of 
the association, showing high frequency and abundance although 
cover values are low. These species include Cyperus filiculmis 
macilentus, Carex muhlenbergii, Baptisia tinctoria, Desmodium cana- 
dense, Lespedeza capitata, Helianthemum canadense, Lysimachia 
quadrifolia, Asclepias amplexicaulis, A. verticillata, Solidago nemora- 
lis, S. graminifolia nuttallii, Aster linariifolius, and Artemisia 
caudata. 

In certain areas within the Andropogon-Cladonia association, 
which have been plowed recently and were again abandoned, 
Panicum depauperatum now forms the major portion of the vegeta- 
tion. On finer sands it covers as much as 60 per cent of the ground. 
In spaces between grass bunches, Hypericum gentianoides and Leci- 
dea uliginosa may occur in abundance. In other areas of similar 
history Andropogon scoparius is gaining almost complete control, 
often associated with a greater abundance of Les pedeza capitata than 
is typical for the mature association. One area, abandoned 10 years 
ago immediately after plowing, showed a relatively vigorous de- 
velopment of these species, with Lecidea uliginosa, Baeomyces 
roseus, Cladonia papillaria, C. cristatella, and C. strepsilis coming in 
on the ground. Other areas showed mixed stands of the two grasses, 
one within 9 years after abandonment. Causes for the differences in 
these pioneer stages of this subsere have not been investigated, but 
may be related to differential production, viability, dispersal, and 
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ecesis of the disseminules of the plants mentioned. It would be un- 
wise to assume that these communities represent an exact duplica- 
tion of the pioneer stages which preceded the mature association in 
its first development. Longer periods of cultivation at that time 
would have vitiated most of the propagules in the soil, and invasion 
would have been largely a result of seed dispersal from undisturbed 
fence row communities. 

LICHENS AND MOSSES.—More important than any of the forbs or 
secondary grasses in the ground covered and in their effect on the 
habitat are the moss and lichen members of the Andropogon- 
Cladonia association, which occupy the ground completely between 
the bunches of grass (fig. 20). These probably invaded abandoned 
fields when the grass bunches had become numerous enough to 
afford some protection from wind sweep. This sequence may be in- 
ferred from the current invasion of grass, moss, and lichens into 
isolated Hypericum communities. Polytrichum piliferum, Lecidea 
uliginosa, and Cladonia papillaria, especially the first two species, 
seem to be pioneers, invading singly or simultaneously. The moss is 
probably the only one capable of spreading alone very far from grass 
protection. Other lichens then invade the area, both upon and be- 
tween plants of the pioneer species. Cladonia strepsilis establishes 
itself readily on the crustose thallus of Lecidea uliginosa, and in the 
moss mats, and is usually next in the succession. A great number of 
species may follow, such as Baeomyces roseus, Lecidea granulosa, 
Diploschistes scruposus parasiticus (usually on Cladonia papillaria), 
C. bacillaris, C. chlorophaea, C. clavulifera, C. coniocraea, C. mateo- 
cyatha, C. pleurota, and C. squamosa levicorticata rigida. Finally the 
fruticose forms of Cladonia mitis and C. uncialis appear. Arrival of 
Geaster sp. and Polytrichum commune almost completes the list of 
macroscopic non-vascular plants which are usually found in the as- 
sociation as typically developed. During invasion, Lecidea uliginosa 
usually loses ground to the invaders, Polytrichum piliferum does in 
part, but Cladonia papillaria maintains its strong position, and with 
C. strepsilis may be regarded as the most abundant lichen in the 
association as a whole. 

Many lichen species are represented by several forms. This is es- 
pecially true of Cladonia cristatella, a species not yet mentioned. It 
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has a unique role in the community. Correlation of the invasion of 
this species with beginning decay of plants which invade sterile 
abandoned fields in North Carolina was noted by Gray (31). Its 
appearance as the form C. c. abbreviata in the center of Andropogon 
clumps in the Trichostema-Andropogon community has already been 
noted. The persistent vitality of these grass clumps, their relative 
youth, and the accumulation of sand within them are not conducive 
to lichen development. Nevertheless in the Andro pogon-Cladonia as- 
sociation many grass clumps of relatively early establishment have 
died, and show various stages of disintegration and decay. C. c. ab- 
breviata is common on leaves of grasses in early stages of decay, but 
on clumps reduced to broken culms and fragments of leaf sheaths 
the species is usually represented by f. vestita. Scarcely a dead clump 
of this character lacks the lichen. Other lichens, especially Lecidea 
uliginosa, Cladonia papillaria, and C. strepsilis, also extend their 
thalli over these dead clumps, and the other species mentioned may 
soon follow. In the meantime grass seedlings, prospering on the orig- 
inal lichen and moss mats, mature and eliminate the lower species 
through overgrowth and displacement. Thus a more or less con- 
tinuous cycle occurs within a relatively permanent community. 

Quadrat data for two stands of the Andro pogon-Cladonia associa- 
tion are given in table 4. The data are based on twenty quadrats in 
each stand, spaced every 50 feet along straight lines. Stand 2 is 
shown in figure 19. BLizzARD (3) and CONARD (14) have described 
similar communities on Long Island, New York. 

Table 4 summarizes the composition of the Andropogon-Cladonia 
association as developed on the coarsest sands with low colloidal 
content, of the order indicated in table 11. Stands developed on the 
finer sands not only may show many or all of the forbs listed on page 
246, but may also have a higher cover value for Andropogon, often 
approaching 50 per cent, with consequent lower values for lichens 
and moss. 

PERSISTENCE OF ASSOCIATION.—Persistence of this association for 
approximately 150 years is probably due to two causes. Dispersal 
of disseminules of dominant plants of higher types of associations 
has been slow and scanty into many of the areas, especially into 
those of larger extent, since the source of supply was relatively 











1937] 


OLMSTED—SAND PLAINS VEGETATION 


251 


limited. Those woody plants which became established were sub- 
jected to repeated fires, which tended to eliminate or to keep them 


TABLE 4 


METER QUADRAT DATA FOR THE ANDROPOGON-CLADONIA ASSOCIATION 














STAND I STAND 2 
SPECIES 
F%* C% F% C% 

Diploschistes scruposus parasiticus. . . 40 1.0 25 2.0 
LeCige® @TANOG®. ..0. osc esbaeees 5° 4.0 45 .O 
EMS ccc eanedaasarane eee go 9.5 85 8.0 
BRCORMIYCES TOSEUS...... 2 6c cece 40 0.5 25 rs 

ee Eee ee 95 TS. ecwtevicwseeueeeia 
UC INES orcrdcw een choebeeuen es 85 7.5 go 8.5 
Ce 2s 51s ie vik ob arrest vores 15 6 4° 0.5 
CCR ule Sve mnce ees ores 100 8.5 75 6.8 

C. squamosa levicorticata rigida..... 10 é 5 6 

©. CON a oc sanc erases eetecned 15 6 15 6 
Ne PENN SOURCE EO Cem rnc ane 70 9.0 
Ci CII Bie oc tian Scare nee 15 an Serer ere oer re 
SCHEER cress oid Reels go 12.0 100 20.0 
pee rere ae rr ree 25 é 10 fs) 
Polytrichum piliferum.............. 95 10.0 100 16.5 
PI rot ce os ee we coals 5 0.5 30 4.0 
Andropogon scoparius.............. 100 22.5 100 32.5 
Andropogon scoparius (dead)........ go 13.4 95 10.0 
Panicum depauperatum............. go 8.0 80 5.0 
Lk, LENT Cer ETO ere et re 25 2.0 go e265 
ee Renn, eee an Lara aee re 5 0.5 
See ream RCN nes Serer eer eer 10 6 
Betula populiiolia (seeding)... .......}....- 0.25 ..fe- cen ceees 5 é 
Quercus velutina (seedling).......... 5 Oe” beeiwadsccseeweneacs 
Polygonella articulata.............. 25 6 20 a) 
RUBUS VEIORUS. . 86 o cies i sss eee oss 20 E.S 5 rs) 
Prunus serotina (seedling)........... 5 | CRO yore oy 
eS rears hearer ene a / paneer eer 5 é 
re 10 RG Vevaiwdacedivewse cance 
ECC MeCrE RE CONICEEE ois is nkale-o tov Sales Ac nasa eoteeanes. 20 0.5 
Hypericum gentianoides............ 15 6 5 
Helianthemum propinquum......... 5 BG Miccsdcnesabttescaceaes 
Lysimachia quadrifolia............. 20 2.0 5° a3 
Trichostema dichotomum........... 5 | bidcs covcdeeeere wees 
Aster Tin@PiiOuus. . . 2.225 cece cess 15 2.0 10 1.0 























* F, frequency; C, cover; 56, cover value practically none. Dates of counting: stand 1, June 27, 1935; 


stand 2, June 29 and July 16, 1935. 


suppressed. Recently fires have been kept largely under control, and 
invasion of this association by a number of woody plants is occur- 


ring. 


Woopy MEMBERS.—Rubus villosus has a high value for presence in 
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the stands of this association, and should be considered as a normal 
and old constituent of the community, although its frequency in 
any particular stand may be low. It seems to have little dynamic 
significance. The same is true of the much rarer species, Rubus 
semisetosus. Another woody plant, M yrica asplenifolia, is also com- 
mon. Its open growth in this habitat fails to disturb the dominance 
of Andropogon to any marked extent, although it does tend to 
eliminate lichens and moss. Through vegetative propagation, it may 
extend over several hundred square yards in a few years. Other 
woody invaders have considerable significance. Since many of these 
tend to invade the association directly from positions in ancient 
fence lines which traverse many stands of the association, these fence 
row communities will be described briefly. The fences were removed 
long ago. 

FENCE LINE RELICTS.—Long strips, 10 to 15 feet wide, with an 
uncultivated and undisturbed normal soil profile, are the substrata 
for the fence row communities. Species present are mainly relicts of 
the original vegetation and bird-distributed species which came in 
following erection of fences. In some cases the latter are lacking, and 
the vegetation constitutes an Andropogon grassland, in which many 
of the forbs named on page 246 are found. Andropogon cover may be 
as high as go per cent, lichens and moss being relatively unimportant 
or lacking. The total population in fence lines traversing stand 2 
(3 in figure 2) of the Andropogon-Cladonia association consisted of : 
Lecidea granulosa, L. uliginosa, Baeomyces roseus, Cladonia mitis, C. 
papillaria, C. bacillaris, C. pleurota, C. cristatella, C. squamosa 
levicorticata rigida, C. mitrula, C. clavulifera, C. mateocyatha, C. 
coniocraea, C. strepsilis, Dicranella heteromalla, Polytrichum pili- 
ferum, P. commune, Juniperus virginiana, Andropogon scoparius, 
Panicum depauperatum, P. tsugetorum, P. columbianum, Agrostis 
perennans, Danthonia spicata, Carex pennsylvanica, C. sp., Myrica 
carolinensis, Betula lenta, B. populifolia, Quercus velutina, Q. ilici- 
folia, Fragaria virginiana, Potentilla pumila, P. canadensis, Rubus 
villosus, Prunus serotina, Baptisia tinctoria, Les pedeza capitata, Rhus 
glabra, R. copallina, R. toxicodendron, Psedera quinquefolia, Helian- 
themum propinquum, H. canadense, Viola pedata, Nyssa sylvatica, 
Chimaphila maculata, Gaylussacia baccata, Vaccinium vacillans, 
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Lysimachia quadrifolia, Asclepias amplexicaulis, Chrysopsis falcata, 
Solidago bicolor, S. juncea, S. odora, S. nemoralis, Aster dumosus, A. 
linariifolius, and Antennaria neglecta. Space does not permit a de- 
tailed description of the many ways in which these species may be 
grouped. Their abundance and frequency change markedly from 
place to place, so that no accurate quantitative survey is possible. 
It should be noted that Dicranella heteromalla and Danthonia spicata 
are characteristic species in the ground cover under isolated trees 
with spreading crowns, and are practically restricted to such habi- 
tats. 

Other woody species which may be found in these ancient fence 
lines, and some of which invade the Andropogon-Cladonia associa- 
tion, are: Pinus rigida, Juniperus communis, Juglans cinerea, Cory- 
lus americana, Castanea dentata (sprouts), Quercus palustris, Sassa- 
fras variifolium, Platanus occidentalis, Pyrus arbutifolia, Amelanchier 
stolonifera, Rubus sp., Prunus pennsylvanica, Robinia pseudoacacia, 
Rhus typhina, Celastrus scandens, Acer saccharum, A. rubrum, Rhodo- 
dendron viscosum, Kalmia angustifolia, Lyonia ligustrina, Vaccinium 
pennsylvanicum, and V. corymbosum. 

Woopy INVADERS.—Of all the woody species named in the two 
lists above, very few are of value in bringing about a destruction of 
the Andro pogon-Cladonia association. Most of them, by reason of 
low frequency on the sand plains as a whole and resultant scanty 
seed dispersal, or through apparent inability to invade this closed 
association except in the company of certain pioneer trees and 
shrubs, need not be considered further in any detail. Direct invaders 
of considerable importance are Pinus rigida, Juniperus virginiana, 
Myrica carolinensis, Betula populifolia, Quercus velutina, Q. ilicifolia, 
Prunus serotina, Robinia pseudoacacia, Gaylussacia baccata, and 
Vaccinium vacillans. The majority of these species are bird-distrib- 
uted. Birch and pine produce their wind-carried seeds in abundance, 
and invasion of the oaks is probably brought about primarily 
through activities of squirrels. 

The three shrubs, Myrica carolinensis, Gaylussacia baccata, and 
Vaccinium vacillans (fig. 22), form low dense thickets which ef- 
fectually displace the Andropogon-Cladonia association, and in turn 
will probably give way to trees, especially oaks. The birch, red 








Fics. 21, 22.—Fig. 21 (above), three black oaks in Andropogon-Cladonia association, 
showing squirrel cache origin. Bird-dispersed Vaccinium corymbosum, V. vacillans, and 
Gaylussacia baccata present under the crown. Invasion of Pinus rigida into the lichen- 
grassland association seen in background. August 31, 1935. Fig. 22 (below), clump of 
Vaccinium vacillans, 9X10 feet, in Andropogon-Cladonia association. Small gray 
birches and large black oaks scattered in background in same community. September 
7, 1935. 
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cedar, and black locust, even at maturity, usually form pure or 
mixed open stands in which the ground cover consists primarily of 
species in the original community. The importance of Rubus spp. 
and Carex muhlenbergii may be increased somewhat, especially in 
stands of black locust. Aster linariifolius occurs in extensive socie- 
ties under red cedar. As yet there is little evidence of the invasion of 
species characteristic of later successional stages which follow the 
red cedar-gray birch association (38) in southern New England. 
Prunus serotina is usually found only as shrubby isolated individ- 
uals. Quercus ilicifolia is likewise uncommon as an invader of the An- 
dropogon-Cladonia association. Extensive, nearly pure stands of 
this species which occur in certain portions of the sand plains were 
not studied in detail. They were thought to represent a phase of the 
original vegetation which escaped destruction through cultivation, 
although subjected to fire and partial cutting. Such communities 
occurred on the New Haven plain at the time of white settlement 
(20). 

Quercus velutina is one of the two most important species which 
invade the Andropogon-Cladonia association. Although mass inva- 
sion may occur, the usual appearance of the species is as isolated 
individuals (fig. 23) or in close groups (fig. 21). In any case, dispersal 
of the species is probably brought about through burial of acorns by 
squirrels as previously described in detail, there being slight oppor- 
tunity otherwise for burial and germination. The common occur- 
rence of grouped individuals would indicate this origin. Stumps of 
one group of three cut early in 1932 were 34, 21, and 14 inches in 
diameter, 33 inches above the ground, and showed seventy-eight 
growth rings. An age of 85 to go years is indicated. In spite of size 
differences, no marked suppression in yearly increment was apparent 
in any stump. The importance of these isolated individuals and 
groups is essentially the same as in the barrens communities, namely, 
as sources of disseminules for further dispersal, and as colonization 
centers for other species. The occurrence of Betula populifolia in a 
circle under their canopies (fig. 23) has been noted previously. This 
phenomenon is very common. Bird-distributed species are also 
found under them shortly after they have attained a moderate size. 
The following species were found under the trees seen in figure 21, 








Fics. 23, 24.—Fig. 23 (above), circle of young gray birches under a large isolated 
black oak in Andropogon-Cladonia association. September 22, 1935. Fig. 24 (below), 
invasion of Andropogon-Cladonia association by Pinus rigida. Smaller pines in center 
are probably offspring of large tree on right. A black oak, originally isolated in lichen- 
grass association, is on the left. August 20, 1935. 
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which were only 20 feet tall with a 20 foot crown spread: Cladonia 
mitis (including C. m. soralifera),® Cetraria islandica (other lichens 
not listed), Polytrichum piliferum, Pinus rigida (seedling), Andro- 
pogon scoparius, Betula populifolia, Prunus serotina (seedlings), 
Baptisia tinctoria, Gaylussacia baccata, Vaccinium vacillans, and V. 
corymbosum. Other species which have been found under such trees 
are Juniperus virginiana, J. communis, Carex debilis rudgei, Pyrus 
arbutifolia, and Vaccinium pennsylvanicum. Barring further fires, 
oak forests might supplant the Andropogon-Cladonia association 
directly through increase in abundance of the species around these 
isolated pioneers, although the only stands of black oak worthy to 
be called forests which now occur on the sand plains probably did not 
arise in this way. Their occurrence and significance will be discussed 
later. 
PINUS RIGIDA ASSOCIATION 


The forests of pitch pine in the New Jersey Pine Barrens have 
been studied repeatedly by botanists and ecologists. Similar forests, 
although poorer floristically because of their postglacial origin, were 
extensively developed on many of the sandy level terraces in south- 
ern New England at the time of white settlement (9, 20). No his- 
torical evidence has been found to indicate that such forests formed 
an important part of the original vegetation on the North Haven- 
Wallingford plains. At present, with the exception of a few sporadic 
individuals, pitch pine occurs only in the stands seen at 1 and 5 in 
figure 2. Nevertheless, with the possible exception of black oak, this 
species seems to have more successional significance than any other 
tree species now growing on the plains. 

These stands of pitch pine differ somewhat in character. Those 
shown at 5 in figure 2 are open, with an undergrowth composed of 
species belonging to the Andropogon-Cladonia association, in which 
one very open thicket of Myrica as plenifolia covers several hundred 
square yards. The open stand of trees is caused in part by fire, and 
occasional selective and clear cutting, and in part by the recent and 
sporadic invasion of the pine. Soil profile studies indicate a pre- 
colonial grassland in most of the area, and it is known that the larger 


8 The first published report of the occurrence of this form in North America was 
based upon specimens secured from this station (24). 
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portion of the area south of the diagonal road was cultivated and 
abandoned.® Portions of this stand, however, may represent relicts 
of an original pitch pine forest, much disturbed by cutting and fire. 
Barring the occurrence of extensive original forests of this species 
in the area, individuals in the living stands may be lineal descendants 
of trees which were found, probably scattered, in oak forests. Such 
forests still persist, although modified by cutting, on the islands of 
till in the sand plain, and on the ridge of till-covered sandstone to 
the east. One island of till is found almost in the center of the present 
pine stand, and another is near the southern end. 

Relationships of the pitch pine stand seen at 1 in figure 2 are more 
clear cut. This stand, largely developed in the past 45 years, has 
been invading an Andro pogon-Cladonia association in which isolated 
oaks of various sizes and ages occur. The method of establishment 
is indicated in figures 21 and 24. Isolated individuals with their low 
crowns and spreading branches first become established in the 
grass-lichen community, but the prolific production of the large- 
winged seeds at ages of 10 years or less results in a mass invasion into 
the lower community. The general invasion has been from the 
southwest corner of the stand. Here are found a few large trees, 
which show forty-five to sixty-five growth rings at breast height and 
bear persistent stubs of large lower branches (fig. 26), indicating an 
origin in the open. Most of these trees are growing on a grassland 
type of soil profile, which shows former cultivation in the persistence 
of furrow ridges. Near the margin of the terrace, however, the pro- 
file indicates forest development of considerable duration, and the 
old pines which occur may be lineal descendants of members of an 
original forest which occupied the same location. 

Shade and thick accumulation of needles in the developing pine 
stand bring about rapid elimination of most of the herbaceous and 
lichen species of the preceding association. Polytrichum piliferum 
disappears, but P. commune may develop luxuriant carpets (fig. 25). 
Cladonia cristatella persists on the dead, and invades the dying, grass 
clumps. When these have been decomposed, it can come in on fallen 
wood, and thus persist in the pine community. Cladonia chlorophaea 
and C. bacillaris also have a rather high frequency in the pine stand, 


9 Family history of residents in the vicinity. 

















Fics. 25, 26.—Fig. 25 (above), young pine stand, about 25 years old, showing sup- 
pression through overstocking. Ground cover mainly of pine needles, with mats of 
Polytrichum commune and numerous seedlings of black oak. September 22, 1935. Fig. 
26 (below), open-grown pine, 45 years old DBH, surrounded by dense growth of young 
black oaks, gray birch, and chestnut sprouts. Base of pine surrounded by clump of 
Vaccinium vacillans, which perhaps originated through bird dispersal while the tree 
was isolated. September 22, 1935. 











260 BOTANICAL GAZETTE [DECEMBER 


but with low abundance, and C. caroliniana dilatata and Baeomyces 
roseus have been collected locally. Few other lichens persist in or 
have invaded this young pine stand. Vaccinium vacillans and V. 
pennsylvanicum persist beneath the crowns (fig. 26), and extend out- 
ward from the formerly isolated mature pines and oaks. Humus-re- 


TABLE 5 
QUADRAT DATA FOR THE PINE-OAK TRANSITION COMMUNITY 
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* F, frequency; A, abundance; DBH, diameter breast high. Date of counting: August 1, 1932. Data 
based on roo adjoining quadrats in a 10X10 meter plot. 


quiring species,such as Monotropa hypopitys and Cypripedium acaule, 
also come in. The latter is frequent and abundant wherever the 
stand approaches maturity. Chimaphila maculata is not rare. Other 
than these, there is little undergrowth except that of tree species in 
the young and mature pine woods. The original overstocked con- 
dition causes suppression of great numbers of pines (fig. 25), for the 
species reproduces poorly under its own canopy. However, very fa- 
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vorable seed bed conditions have been created for oaks. Barring 
fires, considerable numbers of black oak seedlings appear on the 
forest floor (fig. 25) which as acorns became scattered from formerly 
isolated mature individuals of this species or from the narrow oak 
forest at the margin of the terrace to the west. If not disturbed, this 
indicates an eventual extinction of the pine forest and its replace- 
ment by one of oak (fig. 26). Quadrat data for a 100 square meter 
plot in the transitional region are given in table 5. Similar dynamic 
tendencies are at work in the pine stands on the east side of the 
plains, but more prevalent disturbance by cutting and fire hinders 
completion of the succession. 


QUERCUS SPP. ASSOCIATION 


Oak forests within the sand plains area under consideration are 
mostly limited to the islands of till mentioned on p. 258, to small 
strips within and bordering the ravines of transverse streams, and to 
a continuous marginal strip on the west side of the plain. The name 
forest has not been applied to those aggregations of oaks discussed 
in many of the preceding sections, even when the canopy is nearly 
complete, since the undergrowth in such communities as yet bears 
little resemblance and “sociological affinity” to that found in the 
typical xerophytic oak forest as developed in Connecticut. In time 
similarities will probably arise, but for the present purpose there is 
nothing to be gained in regarding such communities as early stages 
in the development of the forests now present. 

The forests on the till islands will not be mentioned further since 
they cannot be considered as members of the sand plains succession. 
The marginal and ravine forests, however, occur on deposits of deep 
sand and are well above the influence of the ground water table. In 
part they probably represent relicts of a similar type of original 
vegetation, which have been disturbed only by fire and cutting dur- 
ing white occupation, although at least one of them occurs on a 
grassland soil profile. It is unlikely that the isolated point of land on 
which the soil pit was dug had ever been under cultivation. There- 
fore, an invasion of the oak forest into original grassland must be 
assumed, although the time of invasion cannot be determined. Such 
forests have also replaced the A ndropogon-Cladonia association local- 
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ly by direct mass invasion where they lie adjacent to it. As indi- 
cated, the pine association is also threatened. 

In their present topographic location, these forests adjoin the 
centers of mesism found in ravine, swamp, and protected slope. 
Their original development and persistence have resulted in part 
from the ameliorating action of such centers upon evaporation rates, 
and from the protection afforded from fires, which undoubtedly 
swept over the plains as a whole long before white settlement. 
Without such fires it is probable that this type of forest would have 
been widely developed on the plains, instead of the grassland. It 
might even have reached the degree of mesophytism represented by 
the climatic climax. Since none of the present forests on the level 
terrace do, it is much easier to believe that such a hypothetical forest 
would be an edaphic climax community dominated by black oak, 
with scattering representatives of more mesophytic trees. 

Although none of the oak forests were analyzed statistically, notes 
were made on their composition. Besides the dominant black oak, 
both Quercus borealis maxima and Q. alba, especially the latter, are 
not uncommon. Other tree species which may occur sporadically in 
the nearly complete canopy are Betula lenta, B. populifolia, B. 
papyrifera, Fagus grandifolia, Sassafras variifolium, and Prunus 
serotina. The shrub layer consists only of extremely scattered indi- 
viduals of Juniperus communis, Castanea dentata sprouts, Quercus 
ilicifolia, Gaylussacia baccata, and Vaccinium vacillans. The ground 
layer is also incomplete. Aside from seedlings of these plants, the 
following species have been recorded: Cladonia cristatella (other 
lichens also occur, although not in abundance), Leucobryum glaucum, 
Polytrichum commune, P. ohioense (other mosses rare), Lycopodium 
tristachyum, Carex pennsylvanica, Panicum spp., Agrostis hiemalis, 
A. perennans, Danthonia spicata, Luzula campestris multiflorus, 
Maianthemum canadense, Cyripedium acaule (common), Rubus spp., 
Desmodium nudiflorum, Rhus toxicodendron, Acer rubrum seedlings, 
Psedera quinquefolia, Chimaphila maculata, C. umbellata, Monotropa 
uniflora, M. hypopitys, Lysimachia quadrifolia, Trientalis americana, 
Melampyrum lineare, and Solidago odora. Very few of these species 
are characteristic of climatic climax forests in Connecticut. Distant 
views of the oak forests are seen in figures 10 and 13. 
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MIXED MESOPHYTIC FOREST ASSOCIATION 


The transition, down a relatively steep westward-facing sandy 
slope, from the level westward margin of the terrace, often covered 
with a forest of the type described, to the red maple swamp forests 
of old oxbows and the cultivated fields and floodplain forests of the 
lower Quinnipiac River valley, has been mentioned before. This 
slope is frequently covered with a forest which may approach the 
climatic climax type in mesophytism and in composition. Besides 
the species listed under the oak association, the following vascular 
plants have been recorded from this mesophytic forest: Polystichum 
acrostichoides, Aspidium noveboracense, A. spinulosum, Dicksonia 
punctilobula, Lycopodium obscurum, L. clavatum, Medeola virginiana, 
Carpinus caroliniana, Betula lutea, Liriodendron tulipifera, Benzoin 
aestivale, Hamamelis virginiana, Rubus hispidus, Aralia nudicaulis, 
Rhododendron nudiflorum, Vaccinium corymbosum, Fraxinus ameri- 
cana, Epifagus virginiana, Mitchella repens, Viburnum dentatum, 
Solidago caesia, Aster divaricatus, Prenanthes sp., and Hieracium 
paniculatum. It is unnecessary to point out the mesic and climax 
nature of some of these species. However, only the most ardent ad- 
herents to the monoclimax theory would contend that forests of this 
type would have developed extensively on the level exposed terrace. 


Planting experiments 


It was deemed advisable, in the spring of 1933, to compare growth 
and survival capacities of certain tree species under the varying con- 
ditions found on the sand plains, with a view to partial elucidation 
of the problem of the climax as well as to secure more definite data 
on the apparent capacity of black oak to invade any or all of the 
habitats now available. Accordingly, 145 germinating acorns of 
black oak (from the leaf litter in the oak forest), 43 germinating 
beech seeds, and 165 2-year hemlocks (from the Yale forest preserve 
nursery) were planted in various locations on the plains. Some of the 
plantings were destroyed through fire and cutting. The data in table 
6, therefore, are based only upon the plantings which were not dis- 
turbed. It has been possible to summarize the data under seven 
types of habitats, as shown in the table. 

It will be seen from table 6 that approximately one-third of the 
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oaks, one-sixth of the hemlocks, and none of the beeches have grown 
and persisted for 2 years. Survival of hemlock, as expected, occurred 
only under partial and full shade, primarily on normal soils. Almost 


TABLE 6 
PLANTING, GROWTH, AND SURVIVAL DATA FOR THREE TREE SPECIES 
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Quercus velutina, germinated acorns 





Planted Agril'27,1933..<.. -5..... 55: 53 | t2+1 38°) 33 10| 6] 132 
ay 17; 1933. .... e1 2 So) 2 21 6 22 
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Fagus grandifolia, germinated seeds 
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Tsuga canadensis, 2-year seedlings 
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* 1: Trichostema-Andropogon community, open; 2: same, partial shade of oaks; 3: same, full shade of 
oaks; 4: Andropogon-Cladonia association, open; 5: same, partial shade of oaks; 6: Pinus rigida association, 
full shade; 7: Quercus spp. association, full shade. 
complete failure of the oaks in the forests was unexpected, but the 
data are too scanty to warrant far-reaching conclusions. Naturally- 
growing seedlings were present on all sides. Perfect survival of the 
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oaks in the Andropogon-Cladonia association may probably be con- 
sidered significant, especially when contrasted with the relatively 
poor survival on the three types of habitat in the Trichostema- 
Andropogon community. This differential survival is undoubtedly 
related to a whole complex of aerial and edaphic factors which have 
different values in the various habitats, as will be brought out in 
later sections. 

At least forty-one of the fifty-three oaks originally planted to 
depths of 2 inches in open sand of the Trichostema-Andropogon com- 
munity (table 6) had grown considerably after planting, as shown 
by excavation in the summer of 1935. Many had developed strong 
tap roots to depths of 6 to 12 inches before dying late in 1933 or in 
1934. A number of these, however, had not sent shoots above 
ground. Of the twenty-two which were visible on June 13, 1933, 
fully half could be seen only as small growing tips almost even with 
the surface. These apparently never developed further. This be- 
havior is undoubtedly comparable with that described on page 234 
for the same species in squirrel caches, and indicates again with what 
difficulty black oak invades the open Trichostema-A ndropogon com- 
munity. The ameliorating influence of shade aids growth and sur- 
vival, as shown in columns 2 and 3 of the table. Therefore the lethal 
effect is not due solely to chemical conditions of the soil, which must 
be essentially the same in the two locations, but must also be related 
to the higher temperature and evaporation rate in the open habitat. 
More favorable soil conditions in the Andropogon-Cladonia associa- 
tion compensate for a similar exposure there, and thus black oak has 
best chances for survival in that community. 

No attempt was made to measure the size of living individuals in 
1935. Because of the limited survival, it was felt that averages would 
have little significance. It should be noted, however, that, just as in 
squirrel caches, many of the oak seedlings had died back one or more 
times, and had sprouted again from lateral and cotyledonary buds. 
Some of them were also partially stripped of their leaves by insects 
during the summer of 1935. Many of the hemlocks also showed 
marked evidences of living under conditions of stress. Not too much 
significance should be attached to present survival values of either 
species. 
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Historical factors in differentiation of the vegetation 
PRE-COLONIAL PERIOD 


Since affinities of the sand plains flora are primarily southern it 
seems reasonable to suggest, as BROMLEY (9) has done for the oak 
and pitch pine forests of southern New England, that complete 
establishment of this flora occurred during a postglacial xerothermic 
period. The influences of such a period, well known in the Middle 
West (29, 50), might have extended to the Atlantic seaboard. Raup 
(48) came to the conclusion that a ‘“‘warmer and drier climate has 
occurred in New England within the past 3000 years.” 

BROMLEY (9) stressed the importance of the custom of the Indians 
of southern New England in burning forest and grassland. To him it 
seemed certain that at the time of white settlement ‘most of 
southern New England was not typical forest, but a woodland 
greatly modified by fire and anthropeic factors,” and that ‘‘on 
many of the higher, overdrained sandy or gravelly knolls were open 
areas dominated by Andropogon scoparius, the climax grassland of 
such sites in southern New England.’’ On the other hand, Raup 
(48) did not attach much importance to fire as a factor in the crea- 
tion and maintenance of the open woodlands near the coast. 

Significant for the sand plains area is a statement by TRUMBULL 
(55), who spent most of his life, from 1760 to 1820, in the township 
of North Haven. Although it is made with reference to all of Con- 
necticut, there seems to be no reason for doubting that his intimate 
contacts, both with the local area and with the immediate descend- 
ants of its original settlers, formed a partial basis for the statement 
that ‘‘the Indians so often burned the country, to take deer and 
other wild game, that in many of the plain dry parts of it, there was 
but little small timber. Where lands were thus burned there grew 
bent grass, or as some called it, thatch,’ two, three and four feet 
high, according to the strength of the land. This with other combus- 
tible matter, which the fields and groves produced, when dry, in 
the spring and fall, burned with violence and killed all the small 
trees. The large ones escaped, and generally grew to a notable height 
and magnitude.” 


10 This could well be Andropogon scoparius. 
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TRUMBULL’S opinion agrees with a more specific statement by 
THoRPE (54), who wrote, “it was not true then [referring to the 
period of settlement], as now, that in the Fifth Division" the soil 
was thin and sterile, for we know as early as 1738 these plains were 
hunting grounds for deer by the Indians, and that a certain wiry and 
ill-favored grass grew so dense and tall as to literally conceal from 
view one walking through it. Here also grew “great oaks and much 
scattered, a few of which remain to this time.’’ THORPE had access 
to many old documents belonging to the descendants of the early 
settlers of North Haven, and there is no reason to suppose that his 
statements were not based on satisfactory evidence. One may well 
wonder, however, whether 1738 is not a typographical error for 
1638, the date of founding of New Haven Colony, and the time of 
purchase of all of these lands from the Indians. According to DE- 
Forest (18) there were only four Indians left in Wallingford in 
1774, and only eleven in East Haven. The last sachem of the Quin- 
nipiacs died between 1730 and 1740. 

THORPE’S statement definitely suggests widespread development 
on the North Haven-Wallingford plains of an original grassland 
vegetation, in which oaks were scattered. The general picture would 
thus have resembled, except for the taller and denser growth of the 
grass at that time and the lack of fence line communities, the present 
Andro pogon-Cladonia association. This original grassland cover has 
previously been postulated by the writer on the basis of the char- 
acter of the A horizon in the undisturbed soil profiles. 


COLONIAL PERIOD 


SETTLEMENT.—About one hundred persons commenced the settle- 
ment of Wallingford in the 1660’s (16). The usual method of land 
allotment (11) was followed, each of the original thirty-eight 
planters receiving small tracts in various parts of the town, in addi- 
tion to his house-lot in the village. Although these allotments did 
not include the plains area, apparently, the number of planters had 
increased to one hundred and twenty by 1700, and it is probable that 

« This term refers to the fifth apportionment of lands in New Haven Colony in 


1710-11. Most of the North Haven portion of the sand plains areas under considera- 
tion was in this division. 
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the area was put under cultivation shortly thereafter. The southern 
boundary of the town through the plains was and is the transverse 
stream shown at the bottom of figure 1 and at the top of figure 2. 

The main road from Wallingford to New Haven seemed to follow 
the same general line as the present one, easily visible as the right of 
the two major diagonals in figures 1-3. It thus traversed the entire 
length of the plains. At Wallingford this road connected with roads 
to Middletown and Hartford, and was the main artery of travel 
between these points and New Haven until 1798. Along this road 
passed many travellers from whose diaries quotations about Walling- 
ford and North Haven have been obtained. 

THORPE (54) stated that several families settled in the area which 
is now the village of North Haven (partly visible in the lower left 
corner of figure 3) between 1670 and 1700, and that the domain of 
the present township lay principally in the third, fourth, and fifth 
divisions of New Haven Colony. These apportionments were made 
in 1680, 1704, and 1710-11 respectively (19). The sand plains area 
in North Haven was principally in the fifth division. The lands were 
not all taken up when allotted, however, and it was not until 1767 
that all public lands of the colony passed into individual ownership. 
It is possible that in places the original vegetation was relatively 
undisturbed until that late date, although the population in the 
northern part of the North Haven plains had increased to the point 
that a school was established there in 1763 (54). Its district extended 
to the Wallingford line. 

CuLTIvVATION.—Records of settlement indicate that by 1750 much 
of the land in the plains was being utilized. The very small size of 
the rectangular plots which had been fenced off, now marked by 
rows of trees in the old fence lines in both barrens and Andropogon- 
Cladonia communities, would indicate cultivation rather than graz- 
ing use. Pasture areas, even when not held in common, would have 
been larger. The largest barren area apparently undivided by such 
lines is that seen near the northern end of the Wallingford plains 
(1 in figure 1). This area, however, is actually divided into halves by 
a nearly continuous low ridge extending across it from east by south 
to west by north. This ridge must have been formed along a fence 
line, through deposition of sand. 
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Fences.—Fence building was one of the prime duties of the New 
England colonists, and elaborate regulations were made concerning 
it (47). The lack of fences was more a subject for comment than 
their presence, for Dwicut (20), referring to a plain near Windsor 
in 1797, wrote that “the fields on this plain, which are considerably 
numerous, are unenclosed. This species of agricultural economy 
ates in this state exists, I believe, here only.”’ 

Two lines of evidence support the statement made previously that 
the fields in North Haven and Wallingford were inclosed with zigzag 
rail fences. This type of fence was uncommon in New England, and 
called for comment on the part of travellers. GEORGE WASHINGTON 
(56), travelling from New Haven to Wallingford on October 10, 
1789, noted that “these sandy lands afford but ordinary crops of 
eee The lands (stone being less) are in part enclosed with 
posts and rails.’””’ SAMUEL Davis, after travelling from Wallingford 
to New Haven on September 2, 1789, wrote in his journal (17) that 
“after leaving Keyes’s [in Wallingford] we travelled on a level, sandy 
plain,—a barren heath of some length..... See much Virginia 
fence this stage. Pass through North Haven, the lightest soil we 
have yet seen in this state. See many locust-trees, which do not ap- 
pear injured by the worm. Farmers sowing wheat all along this dis- 
tance.’ Virginia fence was the name commonly applied to zigzag 
rail fences by New Englanders (1). 

More important than historical evidence from journals as to the 
extensive construction of rail fences on the plains is the direct evi- 
dence still available in the field. Although in most cases the rails 
are completely gone, many of the rounded stones which the settlers 
brought to use as bases for the fence are still in their original posi- 
tions. They were set into the A horizon of the soil so that their tops 
projected slightly above the surface, one at each angle of the fence. 
Their distances apart, 11 to 12.5 feet following a zigzag course, and 
18 to 21 feet in a straight line, indicate the length of the rails and the 
angles formed. These stones have an important bearing on the pres- 
ent problem. 

The importance of these fence rows as centers of refuge for the 
original vegetation cannot be underestimated. No doubt some of the 
rare species in the original sand plains flora were eliminated com- 
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pletely during the period of cultivation. Others, such as Viola 
pedata, have persisted in these rows, but have not been able to 
spread from them since. 

The invasion of bird- and wind-dispersed woody plants into the 
fence rows is a logical assumption, but its occurrence is also sup- 
ported by facts in the field, in that they still persist along many of 
these fence lines, especially those traversing the Andropogon-Cla- 
donia association. The occurrence of Nyssa sylvatica in the rows can 
be explained logically on no other grounds than that of bird dis- 
persal. Juniperus virginiana apparently had a more important role 
than it seems to have at present. Fire-scarred stubs and stumps of 
this species have been found repeatedly in these rows, many of them 
cut long ago. Five such stumps in one row, cut about 1 foot above 
the ground, showed 81, 88, 91, 101, and 106 growth rings in 1932, 
and ranged from 11 to 16 inches in diameter at that level. These had 
been cut for many years, as shown by the degree of decay, a slow 
process in this species. It seems safe to assume an origin as early as 
1800, or before. At present the principal woody growth in this row 
is Quercus ilicifolia and Prunus serotina, species capable of con- 
tinued life through sprouting. 

The artificial introduction, into fence rows and elsewhere, of tree 
species which were not proper constituents of the sand plains flora 
probably occurred at an early date. Their persistence is better evi- 
dence of such introduction than any historical record, although in 
the middle of the eighteenth century Exrot (21) referred to button- 
wood trees (Platanus occidentalis), planted for fence and firewood, 
and locust (Robinia pseudoacacia) and buttonwood planted in 
pasture land in various places in New England. Davis (17), in 1789, 
had noted the abundance of black locust in North Haven. 


POST-COLONIAL PERIOD 
Effects following the improvement of the sand plains through 
cultivation and fencing were apparently what one would expect on 
the basis of present-day knowledge of such areas. They illustrate 
forcibly the results of the unwise use of land which was, and un- 
fortunately still is, too prevalent among American agriculturists. 
Depletion of mineral nutrients, brought about through cropping and 
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cultivation, was rapid in the sandy soils. Although it is probable 
that many owners employed some or all of the various crude methods 
of fertilization in use at that time, the crop return soon failed to 
justify the labor and expense involved, and much of the land was 
abandoned. 

In many of the areas, however, the soil was still suitable for re- 
establishment of natural or semi-natural vegetation, and it probably 
spread into them in the manner indicated on pages 246-249. Among 
the trees which entered, species such as black locust, gray birch, and 
red cedar were important. Thus in 1795 it was noted that ‘“‘some 
silver firs are thinly scattered over this tract, and make but a poor 
appearance. It has not the appearance of a territory fit for tillage, 
but may answer well enough for pasture-land” (35). The reference 
is to the North Haven plain, and the trees mentioned must have 
been red cedars. 

WIND EROSION.—An effect much more harmful to re-establish- 
ment of the natural vegetation than soil depletion was the actual 
soil destruction, which occurred on many of the areas soon after 
plowing. The loose sand, especially that with low colloidal content, 
must have been subject to wind erosion almost as soon as the 
original vegetation was destroyed. While no reference has been 
found to wind erosion in cultivated fields in the towns of Wallingford 
and North Haven, the process was not unknown in Connecticut at 
an early date. Dwicut (20) in 1800 wrote that “we rode out..... 
to see a field, from which the surface had been blown away, in a 
manner uncommon to this country, and supposed by the inhabitants 
to be singular. A discreet man, who lived in the neighborhood, in- 
formed us, that, about forty years since, the soil, on a little spot in 
the interior of the field, was blown off; and that the sand, which lay 
beneath it, and which was very fine and light, was then blown out, 
so as to form a small cavity. Hence the ravage extended in every 
direction, until about twenty acres were uncovered to a depth of 
from one to three feet.’”’ A similar process undoubtedly occurred in 
fields of North Haven and Wallingford. Thus we may account for 
Davis’ reference (17) to a “level, sandy plain—a barren heath of 
some length,—” in 1789. In 1797, Dwicut (20) wrote that “North 
Haven lies on both sides of Wallingford River; and comprises the 
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valley and a part of the bordering hills. The soil of the valley is 
partly rich interval land, and more extensively sand, covered with a 
thin stratum of loam; light, but warm; and yielding tolerable crops 
of rye. Near the northern limit of the township it is so light, as in 
two or three places, of small extent, to be blown into drifts. In these 
places it is absolutely barren.” 

The sand drifts which DwicuT mentioned undoubtedly were wind 
deposits derived from the A horizon of the cultivated fields. As 
wind erosion proceeded, this horizon was completely removed, and 
the B horizon was exposed. Erosion was probably fairly rapid at 
first, but later slowed down with the partial formation of a desert 
pavement from the gravel particles mixed with the sand. Neverthe- 
less a bare habitat had thus been created which was much more 
rigorous in its selective action upon immigrants than was the 
ordinary abandoned cultivated field which was not eroded, and the 
way was paved for the Trichostema-Andropogon community still 
present on such areas. Dynamic tendencies within this community 
have already been discussed. 

SAND DEPOSITION.—The wind-borne and wind-sorted sand was 
deposited chiefly in and along the south and east fence rows of the 
field from which it was derived. In the course of a few decades it had 
accumulated to considerable depths, especially along boundaries of 
the larger fields, thus forming the substratum for the Polygonella- 
Quercus community. The fence rails were probably removed soon 
after abandonment, for wood was becoming a valuable commodity 
in many Connecticut towns by 1800. Shrubs and trees which had 
invaded the fence rows, and the original vegetation which had per- 
sisted in them, served to catch the drifting sand. Probably many of 
the trees and shrubs survived the burial of their basal parts, and 
some have persisted to this day. The stones which formed the bases 
for the rail fences were buried in the sand ridges. These stones, still 
imbedded in the A horizon of the old soil profile, have been un- 
covered by excavating to the bottoms of three of the wind deposits. 
This seems to be adequate proof of the method of origin of sand 
ridges and barrens here proposed. 

That the sand deposition was and is a continuative process has 
been suggested (p. 242). This was vividly shown by the partial exca- 
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vation of the stumps of a number of oak trees which had been cut 
during the winter of 1934-35. These trees grew on and near the crest 
of a sand ridge which extends along the south side of the barren area 
at 2 in figure 2. Eighteen stumps ranged from 10.5 to 22 inches in 
diameter at the cutting level, and showed from forty-three to 
seventy-eight growth rings. A number of them were in groups of 
two or three, every individual in a group showing approximately the 
same number of rings. This would indicate origin in squirrel caches. 
There seems to be a general tendency for this dune, which is now 55 
feet wide, to shift southward. Its present crest extends in a generally 
straight east and west line 8 to 10 feet south of the center line of the 
old fence row, while locally wind sweeps have built up crests even 
farther to the south. Therefore a tree on the north side of the dune 
may have its large uppermost lateral roots exposed near the base, 
while one on the south side often shows a deeply buried root collar. 
The depth of this collar below the present surface of the dune and 
its height above the old A horizon, correlated with the age of the 
tree as shown by ring counts, give some clue as to rate of sand move- 
ment and deposition, both before and after germination of the acorn. 
Two trees, located near the crest of the dune but 18 feet south of the 
center line of the old fence row, had been buried by 21 inches of 
wind-borne sand since germination. The fifty-nine growth rings of 
the stumps therefore indicate average deposition of at least 1 inch 
of sand around them every 3 years. These trees had sent branches 
from their lateral roots upward into the newer deposits. The total 
depth from the present surface to the old A horizon'was 44 inches, 
indicating that it has been approximately 120 years since the blowing 
sand first buried the A horizon at this particular spot. The old pro- 
file was well developed, the A and B horizons having thicknesses of 
8 and 22 inches respectively. Another stump, showing fifty-seven 
growth rings, was located at the exact center of the dune, which here 
coincided with its crest, 50 feet to the east of those just described. 
The depths to the root collar and to the tops of the A, B, and C 
horizons of the old soil profile were 16, 46, 53, and 77 inches re- 
spectively. Using the rate of deposition indicated during the past 
57 years, the age of the dune at this point would be about 180 years. 
Another stump, located at the crest of the dune and 1o feet to the 
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northwest of the stumps first described, showed sixty-nine growth 
rings 48 inches above its root collar, approximately breast height. 
Depths from the present surface to root collar, and to the A, B, and 
C horizons of the old soil profile, were 31, 45, 54, and 76 inches re- 
spectively. The extension of a scar and callus, 23 years old, to a 
depth of 14 inches below the present surface, suggests rapid recent 
deposition. The average deposition prior to the injury would not 
have been more than 1 inch every 3 years, as shown by an indicated 
age of over 75 years for the tree. Applying this rate to the earlier 
deposits, one arrives at an approximate age of 120 years for the 
dune, at this location. It seems safe to assume that the origin of this 
dune therefore dates back to 1800 or earlier, for these stumps were 
all located to the south of the old fence row. In its early stages, it 
must have been one of the sand drifts seen by Dwicut in 1797, near 
the northern border of North Haven. 

ABANDONMENT.—An examination of the tax lists of North 
Haven” for the 30 years following the incorporation of the township 
in 1786 revealed a decrease in cultivated land during the period. In 
1787, taxes were paid on 2,105 acres of “plowland”’ and on 2,1055 
acres of “bush pasture.”’ In 1816, these figures stood at 1,496 acres 
of plowland and 4,1193 acres of bush pasture. It is logical to suppose 
that these changes were in part the result of abandonment of culti- 
vated land on the plains. Further indications of the almost complete 
abandonment of the North Haven sand plains area in the first half 
of the nineteenth century are the statements of THORPE (54) that in 
1841 the fifth school district (located on the northern part of the 
North Haven plains) had become so reduced in numbers that the 
school was finally abandoned. THORPE wrote in 1892 that the 
schoolhouse and thirteen old homes in this district had disappeared. 

Abandonment probably occurred sooner in Wallingford than in 
North Haven, for it was the older community. No data have been 
obtained which indicate the exact time, but it had proceeded to such 
an extent by 1819 that PEASE and NILEs (46) were able to write as 
follows: ‘‘Wallingford plain, situated upon the eastern bank of the 


12 T am indebted to Mr. BLAKESLEE, town clerk of North Haven, for permission to 
examine these records. 
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Quinipiack, is a very singular tract of land. It... . is the most ex- 
tensive tract of level land in the state; and, under its present cultiva- 
tion, the most sterile and barren. Its soil is a coarse sand; and it 
seems to be considered so barren as not to be worth cultivation, a 
considerable proportion of it being wholly unenclosed. Yet there is 
but a very small proportion of it which blows, or but what has 
sufficient consistence of soil, or the upper surface of the land, to 
sustain itself, and to retain the vegetable substances, and other 
manures which collect, or are deposited upon it. Notwithstanding 
the sterile appearance of this land, it is believed, that by a judicious 
and ameliorating system of cultivation; by the use of clover, sheep, 
and summer fallow; or by the application of some earths or manures, 
calculated to correct the predominating silicious character of the 
soil; it might be rescued from its present condition, a waste and 
agricultural void, and rendered suitable and valuable for a grain 
culture.”” Apparently no serious attempts were made to follow the 
advice given in this quotation. 

Portions of the area soon passed into the ownership of the railroad 
company, which built the line that now traverses the plains, in 
1839. Aside from the sand pits which were dug in the northern part 
of North Haven (4 in figure 2), the company’s land has since been 
subjected to relatively few anthropeic influences, except that of fire 
and of tracking. The same has been true of much of the land owned 
by individuals. Aside from the destructive effects of frequent fires, 
especially on the woody species, and occasional cutting of the latter, 
the vegetation of many areas has been free to develop without 
serious anthropeic influence during the past 100 years. The types of 
vegetation which are now found may therefore be correlated in large 
part with the difficulty or ease with which the various species could 
become established under the physical and chemical conditions pre- 
vailing in the normal, truncated, and buried soil profiles of the 
various areas. Reference to the section on vegetation and to figure 
5 will reveal the approximate method, rate, and degree of succes- 
sional change which have followed the creation of each of these 
three initial bare areas. 
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Continuative factors in differentiation of the vegetation 

Some of the factors which show more or less marked differences 
among the present plant communities and habitats have been 
measured, and the data are now presented. No attempt is made to 
evaluate the significance of individual differences upon the ecesis of 
plants in the various habitats. That the resultant of the complex of 
factors acting within the Trichostema-Andropogon community is 
most unfavorable for plant invasion has been suggested in the pre- 
vious discussion. This becomes obvious when one bears in mind the 
multiplicity of factors affected by complete removal of the A horizon 
of a soil developed in a substratum of sand. The effect of such re- 
moval in hindering invasion is well demonstrated by the paucity of 
vegetation on areas of this type which are more than 125 years old. 
Experimental work which has been performed thus far upon the 
species dealt with, however, is not sufficient to allow a close analysis 
of the significance of the differences of individual factors upon ecesis 
in any particular case, and in large part the facts must therefore 
speak for themselves. The data are also incomplete in that no analy- 
ses have been made of available nutrients. The time available did not 
permit detailed analyses with the refined technique essential to the 
establishment of significant differences in soils in which even the 
most favorable show very small amounts of such nutrients at all 
times. Such variations are masked through the experimental error 
in rough techniques. That such differences occur, especially in avail- 
able nitrogen, between the A horizon of a normal profile and the top 
layer of a truncated profile, must be assumed. 

Stations were maintained at which an attempt was made to 
measure a number of factors periodically during the summer of 
1932, but it proved impossible to carry through this program as 
completely as planned. It was realized too that in a problem in- 
volving only a small area within a single climatic region, measure- 
ment of factors during a time of maximum stress, and comparison of 
the values obtained in the different communities, would give results 
of much greater significance in proportion to the labor involved than 
would accumulation of the data necessary for a seasonal average. 
One cannot overemphasize the importance of the extreme or unusual 
value as a factor in the local or general distribution of plants. In the 
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presentation to follow, therefore, even when a series of values has 
been available, data have been selected so that the extremes are 
emphasized in a contrast of the values among the various habitats. 


EVAPORATION 


Even though the evaporation curve of any type of atmometer is 
not in exact agreement with the transpiration curve of a plant grow- 
ing in the same place, it is generally recognized that evaporation 
values are important indices of habitat, and that they give some 
idea of the stresses to which plants are subject in various habitats. 
Evaporation was measured in the Trichostema-Andropogon com- 
munity; in the Andropogon-Cladonia association, both in the open 
and at the bases of the oaks shown in figure 21; and in the pine-oak 
transition plot for which quadrat data are given in table 5, for 
periods of 6, 5, 1, and 6 weeks respectively. Standardized spherical 
Livingston atmometers, fitted with Musch rain-correcting mount- 
ings, were used. Two white-bulb and two black-bulb instruments 
were placed at each station, bulbs being displayed at a height of 20 
cm. above the ground. While each datum given in table 7 is thus the 
average of two measurements, there was almost perfect agreement 
in each pair. The instruments were refilled every two or three days, 
but the standardized data have been grouped and computed for the 
most part as average loss in cubic centimeters per day per week. To 
afford more ready comparison they have also been computed in per- 
centage loss based on a value of 100 for each type of instrument in 
the Trichostema-Andropogon community. 

The data in table 7 show that evaporation rates are lower in the 
Andro pogon-Cladonia association than in the Trichostema-A ndro po- 
gon community, differences being more pronounced for white- than 
for black-bulb readings. This result would be expected because of 
the influence of the first named community in decreasing wind 
movement, and in increasing air humidity through transpiration, 
while solar radiation values should be nearly the same. Since the 
differences are more pronounced during times of maximum stress, 
as shown by the data for July 20-22, they may be significant in their 
effect upon ecesis of plants within the two communities. The fluc- 
tuating value of the difference percentage in the Andropogon- 
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Cladonia association, based on the constant value of 100 per cent 
for the Trichostema-Andropogon community, may probably be as- 








































































































TABLE 7 
EVAPORATION DATA, SUMMER, 1932 
TRICHOSTEMA- ANDROPOGON- PINE-OAK 
ANDROPOGON CLADONIA TRANSITION 
PERIOD OF 
OBSERVATION | 
wt | B D W B D W B | D 
Average loss in cc. per day per week 
July 18-25...... 40.3 |. 53-8 | 33.5. | 35-1 | 48-3 | 43.2 | 2720°| 28.6 1.6 
July 25-Aug. r...| 28.4 | 30.5 | 11.1 | 26.1 | 37.8 | 11.7 | 12.1 | 13.5 oe 
AU. 1-16... <5] 8758 1377 O59 | 25-2 155.5 1 FO. | BE. T 1 286 rs 
AUG. F5-22 0... 25.5 |.33:8' | °S:3 | eect beag58 | Gael S0:9 1 E2-2"| 155 
Under oak trees 
Aug. 22-29....... 30:6 | 43.2 | 12:6] 24.3 13670 5.7 | a8 | Tae 1.6 
Percentage loss based on instruments in 
Trichostema-Andropogon community 
July 18-25....... 100 100 100 | 87.2 | 89.8 97-6) aa 52.1 S827 | 22:9 
July 25-Aug. 1...] 100 100 100 | 91.9 | 95.8 | 105.7] 42.6 | 34.3 | 12.9 
Aug. I-15. ....... 100 | 100] 100 | 90.6 | 93.5 | 101.4] 40.1 | 33.5 | 15.0 
Aug. 1§=22......... 100 | 100] 100 | 94.4 | 99.3 | 114.6] 42.1 | 36.2 | 18.0 
Under oak trees 
Aug. 22-29....... 100 | 100] 100] 79.5 | 69.4 | 45.1 | 41.9 | 33.5 | 13.0 
Extreme average loss in cc. per day 
July 20-22.......] 58.9 | 74.7 | 15.8 |] 49.5 | 63.5 14.0] 26.2 | 28.5 23 
































* W, white bulb; B, black bulb; D, difference. 


cribed to differences in re-radiation within the two communities, 
under changing conditions of soil moisture, air humidity, cloud- 
iness, etc. 
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Within the pine-oak transition, the black bulbs gave readings 
which were relatively lower in comparison with those in the Tricho- 
stema-Andro pogon community than did the white bulbs. This would 
also be expected, since the difference between the two readings is 
caused primarily through the much greater absorption of solar radia- 
tion by the former, and is considered to be a rough measure of that 
factor. Thus for the week of August 22-29, the percentage value of 
incident radiation at the level of the atmometer bulbs was 100, 45.1, 
and 13.0 in the Trichostema-Andropogon community, under oaks in 
the Andro pogon-Cladonia association, and in the pine-oak transition 
region respectively. This indicates approximately the relative 
amount of shade afforded by the isolated oaks in contrast to that of 
the forest. 

Total evaporation from the white bulbs in the Trichostema- 
Andropogon community and the pine-oak transition during the 6 
weeks’ period from July 18 to August 29, 1932, was 1263 and 527 cc. 
respectively. The figures are in striking contrast with those recorded 
by BALDWIN (2) during the same period at Long Lake, Hamilton 
County, New York. BALDWIN’s instruments were exposed at a 6 
inch level in an opening within and under the complete canopy of a 
paper birch-white pine-balsam fir forest. The values recorded in the 
two habitats for the 6 weeks’ period total 172 and 471 cc. respec- 
tively. The total evaporation from white bulbs at the open station 
in the Adirondack Mountains was less than that in almost complete 
shade in the pine-oak transition forest of the North Haven sand 
plains. However, highest readings on the Connecticut sand plains 
in the Trichostema-Andropogon community are low in comparison 
with evaporational stresses to which Andropogon scoparius is ex- 
posed in some parts of its range. Thus, during the severe drought of 
1934, the average daily evaporation by weeks in the prairie at 
Lincoln, Nebraska, was continually over 40 cc. per day, and ranged 
as high as 80 cc. from May 15 to September 1 (58). Failure of this 
species to spread more rapidly over the barren areas must probably 
be attributed more to other factors than to excessive evaporation, 
although this factor undoubtedly is significant in the lack of ecesis of 
some plains species on these areas. 
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SOIL TEMPERATURE 

The importance of high soil temperature, especially at the sur- 
face, as a factor in the failure of ecesis has been demonstrated for a 
number of tree species by various workers. Temperatures between 
120° and 130° F. may be regarded as critical for many species. 
MILLER (40) states that “the thermal death point of most plant 
cells lies between 45 and 55 degrees C., and that, in many cases at 
least, the fatal temperature must be prolonged some little time 
before death ensues.”’ 

In view of the high temperatures which have been recorded for 
sandy soils, it was thought advisable to obtain data on the maximum 














TABLE 8 

MAXIMUM SOIL TEMPERATURE, DEGREES FAHRENHEIT, SUMMER, 1932 

TRICHOSTEMA- ANDROPOGON- Oak-PINE 

ANDROPOGON CLADONIA TRANSITION 

DATE 
SURFACE 4 IN. SURFACE 4 IN. SURFACE 4 IN. 
BREE. Su iia ee nee ec gl ee TIGLO nc cic css GAO Aces 

| OS 1 ere eer 143.0 | 95.0 133.5 | 88.0 85.5 67.0 
Lear RA CS Ree sr ean 133.0 | 89.0 120.0] 85.0 87.0 67.0 
BUNA ss ON sk cea daaniede 147.0 | 94.0 142.0 | 90.5 88.5 69.0 
CONS Rap ner ae ek na 145.0 | 94.0 141.0] 93.0 95.0 67.0 
EL Re Rar n eaeeg r Ee ree 119.0 | 89.5 116.0 | 88.0 78.0 65.0 
POBUSC 6:62 hae at chek 6c 126.0 95.0 120.5 89.5 79.5 70.5 
1 Tiny ie 2 aa eee 127.0 gI.o 120.0 87.0 74.0 67.5 























surface soil temperatures in various communities in the sand plains. 
These were measured with maximum thermometers of the gooseneck 
type. Temperatures at depths of 4 inches were also obtained with 
standard maximum thermometers at the same stations during the 
summer of 1932. The records given in table 8 have been selected 
to emphasize the extremes. 

The data show that the maximum temperatures of both surface 
soil and that at a 4 inch depth reach higher values in the Trichoste- 
ma-Andropogon community than they do in the Andropogon- 
Cladonia association. Whether the differences are great enough to 
be significant is open to question. During periods of stress the tem- 
peratures are high in both communities and the differences are 
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lessened. Little rain had fallen during the two weeks preceding the 
measurements of July 14 and 16, so that the surface soil in both 
communities was thoroughly dried out, and had a low specific heat, 
with consequent high maximum temperatures. That differences be- 
tween the values in these two communities and in the pine-oak 
transition would be significant in the ecesis of mesic plants needs no 
further emphasis. 

During the summer of 1935, a study was made of the effect of the 
shade of an isolated oak in the Trichostema-A ndropogon community 
upon the maximum surface soil temperatures under and outside the 

TABLE 9 


MAXIMUM SURFACE SOIL TEMPERATURE, UNDER AND NEAR ISOLATED OAK 
IN TRICHOSTEMA-ANDROPOGON COMMUNITY, SUMMER, 1932 











peg rong — JuLy 1 JULY 3 JULY 5 JuLy 11 Juty 12 
BUTE Wess ad ao nedlwlewueeereenn ee eae 146.5 150.0 148.5 
RP Re OO ic cence cde pees 144.0 142.0 149.0 152.5 154.0 
Ch Pe MON ithe wk Gwe alone eed OA a Bearer rree Mee eee ees 

BG MN so coos ance OSes DR 05-5 102.5 99.0 97.0 105.0 
CE: POE mess osneceharee 87.0 84.0 89.5 85.5 89.0 
oe Se rr eeerne) Conrae Gre 83.0 92.5 88.0 92.5 
|. ee em ee eo, el CI ee PPP Me oer oy 
yt See rane ee 81.5 80.0 GEE: basccseus Pak eetaad 
SRG NUE oi shed sda coe aoe 125.5 122.5 128.0 118.5 123.0 




















influence of its crown. Gooseneck maximum thermometers were 
placed at intervals along a north-south line passing through the base 
of the tree. The data in table 9 illustrate strikingly the much more 
favorable condition for ecesis under the isolated oaks than in the 
completely open portions of the Trichostema-Andropogon communi- 
ty, at least so far as maximum surface soil temperatures are con- 
cerned. This difference in temperature is of great importance in in- 
fluencing the relative rate of drying of the surface soil in the two 
habitats. Although no natural vegetation occurred under this par- 
ticular tree, fourteen of the twenty-four black oaks and four of the 
eight hemlocks which were planted under it in 1933 were still living 
in 1935, in contrast to the complete failure of eighteen hemlocks and 
the persistence of only two out of seventeen oaks planted in the 


open. 
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Practically simultaneous temperature measurement at various 
depths of the soil profile in the Trichostema-Andropogon community 
at 1 P.M. showed an interesting curve. The character of the decrease 
may be briefly illustrated by the data for July 11, 1935. With a 
surface soil temperature of 145.5° F., temperatures of 133.0°, 113.0°, 
94.0°, 84.0°, 79.5°, and 78.0° were found at depths of 1, 2, 6, 12, 20, 
and 31 inches respectively. It is not surprising that the surface 2 
inches of soil is constantly dry in this community except during and 
immediately after periods of precipitation, and that roots at depths 
of 6 to 12 inches show very rapid growth. 


AVAILABLE SOIL MOISTURE 


Measurement of this factor is of importance in regions lacking 
uniformity in seasonal distribution of precipitation. In areas with 
regular and heavy rains it is of less value, for the water content in 
the soils of many communities in such environments is always con- 
siderably above the permanent wilting point, as shown by usual 
methods of determination. Under such conditions this factor is not 
usually considered to be of much significance, except when in excess. 
Therefore, although determinations of available water content were 
made weekly in various stations for a period of 10 weeks during the 
summer of 1932, for the most part only those data are presented in 
which there seems to be a significant difference in the amounts of 
available water among the various communities. 

Soil samples in duplicate were secured in borings 2 feet apart with 
a sleeve-type augur at the depths indicated in table 10. Each datum 
thus represents an average of two determinations. The samples were 
placed in metal boxes, and, after weighing, were dried to constant 
weight at 105°-110° C. Water content values were computed on the 
oven-dry basis. Moisture equivalent values were determined on air- 
dried portions of the samples by means of a moisture-equivalent 
centrifuge, and were converted to wilting coefficients as recom- 
mended by Briccs and SHANTz (7). Available water was calculated 
in the usual manner. The water content data were also converted 
to relative wetness values, according to the method of Conrap and 
VEIHMEYER (15). In this determination total moisture content is 
divided by moisture equivalent of the same sample, and the quo- 
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tient is multiplied by 100. The assumption is made that the mois- 
ture equivalent is a reasonable measure of the maximum field 
capacity of a soil. Therefore a relative wetness value of 100 indi- 
cates that the soil is 100 per cent wet; one of 54.35 is at the wilting 
coefficient. While use of the factor 1.84 in computing wilting coeffi- 
cients from moisture equivalents, and the assumption that moisture 
equivalent is equal to field capacity, are both open to serious ques- 
tion, the results obtained give a better idea of the total water rela- 
tionships in the soil than do those of available water alone. Both 
values are presented in table to. 

The data show that even under conditions of fairly severe drought 
the amount of available soil moisture in the Trichostema-A ndropogon 
community and in the Andropogon-Cladonia association is always 
considerably above the wilting coefficient, except in the surface 6 
inches. The low values at this level are caused by the effect of the 
completely dry surface 2 inches of soil in lowering the average. 
Below this depth the sand was always moist. It would therefore 
seem that lack of soil moisture is not a factor which inhibits invasion 
of many perennial plants into these areas. During a number of years, 
periods occur in which the surface 2 inches of sand is sufficiently wet 
for a long enough time to enable such plants to germinate, and send 
their roots to the permanent water supply located relatively near the 
surface. In any one year, however, the abundance of annual plants 
is undoubtedly related to the length and number of such periods 
during the critical period of germination and establishment. 

In the sweet fern, pine, and oak communities, water apparently 
does become almost or completely unavailable at varying depths 
during periods of drought, as shown by the data for July 20, 27, 
August 10, and 17. Less than half an inch of rain fell in the 3 weeks’ 
period from July 2 to 22, and evaporation rates were high. Conse- 
quently transpiration of the denser types of vegetation caused a 
withdrawal of most of the available water from the soil. The 2.5 
inches of rain which fell between July 22 and August 10 did not 
suffice to rewet the soil in the pine woods beyond a depth of 2 feet, 
and the situation remained the same on August 17, even though 
another inch of rain fell during the intervening week. It would seem, 
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TABLE 10 


AVAILABLE WATER AND RELATIVE WETNESS IN VARIOUS 
STATIONS, SUMMER, 1932 





[DECEMBER 








DEPTH 
(INCHES) 


T-A* 
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* T-A, Trichostema-Andropogon community; A-C, Andropogon-Cladonia association; Ma, — of 
Myrica asplenifolia; Pr, Pinus rigida association; Qs, Quercus spp. association. AW, available water; RW 


relative wetness. 
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TABLE 10—Continued 






























































T-A* A-C Ma Pr Qs 
DEPTH 
(INCHES) 
AW RW | AW | RW | AW RW | AW | RW | AW RW 
August 10 
GOs eictcgecs canes 0.7 68 | 1.9 | See! ere 5-7 | 108 |—.4 49 
ae Cte ea ee eer ITS SG) 227 5 God | XS be cece 1.0 70 | 0.6 64 
ae. entrees” 3.3 | 126 | 3:2 a SE) Smee 1.3 76 | 0.5 65 
iat. OEIC CC ee 4:6 | 193: 1 cK | E88 fics ccbee cs’ 1.4 80 | 0.5 65 
ea ee ee ee ee wt See Cera 0.2 58 | 0.3 60 
ONE. 8 oie38 v4 eae ed ee eo eh ee es ie eee ome 0.4 63 | 0.4 63 
August 17 
= ips EE Te —.!I 52 | 0.1 55 | 0.4 GS [84:6 1-166 be... osdes sc 
OIG cases es 3.5 | 320 | 4.7 | 122 | 2.4 Be ae” oS eee 
a, ee 2.9 | 116 | 4.5 | 116 | 1.6 82 | 1.9 87 
ao” Vee erate nee ec arer 2.5 | 120 | 4.5 | 127 | 1.9 95 | 1.4 a LAERRE, Ora 
ME oss oes 3 2.5 | 131 | 4.6 | 123 | 0.3 59 | 0.2 Cg eee Deere 
Og) Ce aoe ae 3-2 | 183 | 3.8 | 322 | 0.2 56 | 0.1 Cs) Ce) Somer 
































therefore, that some of the lower soil layers remain more or less 
permanently dry during the hot summer months. The data for Au- 
gust 10 indicate reduction of soil moisture almost to the wilting 
coefficient throughout the total depth sampled in the oak forest. 
The abundant natural reproduction of black oak in both pine and 
oak forests indicates that lack of available soil moisture is not 
primarily responsible for the relatively slow invasion of the species 
into the pioneer communities in which abundant water supplies are 
always available a short distance below the surface. 

The data for June 20 indicate high relative wetness in all three 
stations, and except in the surface 6 inches, this value is probably 
actually that of the maximum field capacity at the various depths. 
Over 2.5 inches of rain fell between May 26 and June 20, and the 
weather was cloudy much of the time. This shows, since the relative 
wetness values are around 140 to 150, that the moisture equivalent 
is not equivalent to the maximum field capacity of these soils. 
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SOIL PROFILE STUDIES 


It is impossible to estimate the number of times that examination 
was made of the soil profile in various places. In addition to the 
many borings and small excavations which were made to secure 
samples for moisture determinations, and to check correlation of the 
indicator annual plants with the three principal types of profile, the 
profile was studied in a number of large soil pits and trenches to a 
depth of 8 or g feet, from twelve of which samples were secured for 
laboratory studies. In addition, samples for the determination of 
moisture equivalent and loss on ignition were secured from more 
than fifty augur borings in other locations. This great number of 
examinations formed the basis for the description of the typical 
profile given on page 214, and for the opinion that almost all of the 
profiles may be referred to that type, or to truncated or buried 
variations of it. Since the three variants of the profile are not easily 
comparable as to horizons, data for a particular soil property can be 
compared in the same table only with difficulty. Neither has it been 
possible to average many of the data from any except the normal 
profiles for the same reason. In view of this fact, and in view of the 
extensive field examination, I feel justified in selecting certain pro- 
files as typical of their kind, and in presenting only a portion of the 
data from laboratory studies. These have been arranged in two 
types of tables. In tables 11 and 13, data for single profiles are given, 
while in table 12 the data from a number of profiles sampled at 
arbitrary depths have been averaged. 

MECHANICAL ANALYSES.—The texture of a soil, so long as it is of 
a class which will furnish anchorage and is permeable to roots, is of 
little significance as a direct factor in the growth and survival of 
plants. Its importance as an indirect factor cannot be overesti- 
mated, however, for it has far-reaching effects upon those water and 
nutrient relations which are direct factors. In the early stages of the 
present investigation, before the fact was established that nearly 
all of the vegetation represented subseral stages following cultiva- 
tion, it was felt that a coarse soil texture had probably been re- 
sponsible for the persistence of the barren areas, while closed plant 
communities were developed on sands of finer texture. Since the 
substratum is composed of stratified drift, one would expect local 
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TABLE 11 
SOIL ANALYSES, INDIVIDUAL PROFILES IN VARIOUS COMMUNITIES 
MECHANICAL ANALYSIS 
DEPTH 
5 H* PH | ME LI 
(INCHES) 0.5- 0.25- 
2-1 I-0.5 ToTAL TC 
MM. MM. << 9-05 | sanps 
MM. MM. 
Polygonella-Quercus community 
a 27.84] 29.96) 18.86) 17.29] 93.95] 3-72 | 4.4 | 3-89 | 1.80 
ess ass 37-04] 27.64] 16.38] 14.89] 95.95] 3.22 4-5 | 3.06 | 1.00 
4-9 .......] A | 18.71] 36.15] 23.65] 14.96] 93.47] 4.44 | 4-5 | 6.47 | 2.15 
9-20. B 21.22] 33.68] 26.88] 12.09] 93.87} 3.80 | 4.6] 5.97 | 1.70 
30-32.....} I 17.50] 31.34] 32.73] 13.21] 94.78] 3.58 | 4.6] 5.07 | 1.15 
32-44.... c 33-15] 37-06] 17.73| 8.81] 96.75] 1.95 5-3 | 2.60 | 0.80 
44-9O..... L 34.40] 42.94] 17.60] 3.73] 98.67] 1.12 5.3 | ¥.62 | 0.55 
Trichostema-Andropogon community 
O-2.5%). B 16.38] 34.97] 26.17] 16.91) 94.43] 3.27 | 4-4 | 3.67 | 1.45 
2-10.. | 3 11.27] 29.10] 31.91] 21.25] 93.53] 3.01 4.5 | 3-91 | 1.00 
10-12.....] B 19.73] 33-30] 25.17] 17-75] 95-95] 2-55 | 4.5 | 3.28 | 0.85 
12-18... c 30.55] 40.13] 18.03] 8.32] 97.03] 1.76 4-7 | 2.03 | 0.65 
18-30. . bs 43.17] 39.68] 10.21] 4.68] 97.74] 1.51 5.2] 1.65 | 0.70 
30-51 S 7.23] 52.06] 30.92] 7.99] 98.20] 1.30 5.2 | 1.06 | 0.45 
Trichostema-Andropogon community 
O-1.5 B 9.46] 19.20] 30.42] 31.79] 90.87] 5.04] 4.4] 5.73 | 1.85 
SS... 2 5.89} 20.67) 36.53} 28.21] 91.30] 4.79 4.4 | 5.06 | 1.35 
a B 9.55| 24.05) 36.18) 23.46) 93.24] 4.04 4.5 | 4.65 | 1.15 
13-24.... Cc 2.35| 24.65] 50.94] 19.27] 97.21] 1.33 4.9 | 2.24 | 0.60 
24-36.... c 3-13] 27.84] 38.10) 28.71] 97.78) 1.19 5.2 | 2.00 | 0.50 
36-so.....1 C ©.77| 23.59] 46.40] 27.36] 98.12] 1.15 5.2] 1.64 | 0.55 
Andropogon-Cladonia association 
O-1.5.. A 5.14] 21.34] 37-92] 26.27] 90.67] 4.69 4.4 | 8.49 | 4.80 
eo Se Cae 6.62] 22.91] 36.01] 23.56) 89.10] 6.15 | 4.5 | 7.67 | 2.80 
8-14... B 6.74] 23.67] 37.70] 23.06] 91.17] 4.37 4.7 | 6.69 | 1.65 
14-29. B 7.53| 21.40] 38.00] 23.80] 90.73] 4.33 4-9 | 6.04 | 1.60 
29-42... Cc II.59| 27.71] 40.25] 17.18] 96.73] 1.80 5-3 | 2.79 | 0.85 
42-66. . c 10.93] 38.14] 35.52] 12.54] 97.23] 1.55 5.2 | 1.68 | 0.55 
* H, horizon; TC, “total colloids”; ME, moisture equivalent; LI, loss on ignition. 
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TABLE 11—Continued 







































































MECHANICAL ANALYSIS 
onan Te rH | ME | LI 
(INCHES) °.5- 0.25- 
2-1 1-0.5 ToTAL . 
MM. MM. eg 9-05 | sanps Te 
MM. MM. 
Pinus rigida association 
o-I. SI Seeder, Pocran. pnere es, | atcranene, | gpteya| Seinen 2 See: eae 
I-1..5 _: ae epee iestemrmee) aeane aren! cect, |e ceteaeers) ater Cok eS (ae 
ae er ee sl eR eer ees: Cements) Meera. Se aae ere), eam ee re: ea aera 
"ee A 6.94| 27.80] 29.70] 25.80] 90.24] 5.72 4:5°| 6-90 |: 2-30 
ae B 8.47| 28.82] 26.84] 26.79] 90.92] 5.30 | 4.6 | 6.03 | 1.55 
$2=94.. oss B 9.03] 25.64) 29.65] 28.28] 92.60) 4.40 | 4.5 | 5.50] 1.45 
fa | C 6.59] 26.14] 34.53] 27.84] 95.10] 2.65 | 4.6 | 3.29 | 1.00 
2g ee c 13.62] 32.93] 33.22] 16.33] 96.10] 1.90 | 4.6] 2.19 | 0.70 
Ce C 27.76) 41.21] 17.57] 10.31] 96.85] 1.57 4.7 | 1.49 | 0.60 
Quercus spp. association 
iis or oe ae 
“<aat_araeearaE eee Ser Gryriseers exaeeaa Beene Cane | Deas Seereten eeeaeete 
I-2 _ WO peer etre (Rersrmae fae (Seeman ce] (Pereira) tee “he, A) | | ee ae 
eT A 14.72] 33.64] 22.03] 18.11] 88.50] 5.25 a i ee ae ee 
O-T4. ks B 17.10] 34.18] 22.18] 16.82] go. 28] 4.22 4:7 16.91 | 5-08 
14-20... .. B 18.99} 35.32] 19.94] 18.78] 93.03] 2.72 27 1 Sag) 205 
ov ne C 20.57] 33-79] 24.60] 16.54] 95.50] 1.75 5.0} 2.9t 10.70 
42-66..... @ 25.47| 44.67] 12.25) 14.17] 96.56] 1.19 5.2) | 212 16.70 























variations in soil texture. With the realization of the subseral con- 
dition of the vegetation, it also seemed advisable to see whether 
some correlation existed between the local soil texture and the degree 
to which the soils had been eroded by wind, with the consequent 
effects upon re-establishment of the natural vegetation. 

Samples were collected from the full horizon thicknesses of rep- 
resentative profiles. These were air-dried and passed through a 2 
mm. sieve. With very few exceptions, the value of the coarse frac- 
tions did not exceed 10 per cent, and in most cases was under 5 per 
cent of the air-dry weight. Through the presence of the desert pave- 
ment, the value of this fraction in the surface layer of the profiles 
from the Trichostema-Andropogon community was always slightly 
higher than that of the layer immediately beneath. Occasionally 








1937] OLMSTED—SAND PLAINS VEGETATION 289 


TABLE 12 


SOIL ANALYSES; AVERAGED DATA FROM SAMPLES AT ARBITRARY 
DEPTHS IN VARIOUS PLANT COMMUNITIES 




















I 2 3 4 5 6 
DEPTH 
(INCHES) 
ME*| LI ME LI ME LI ME LI ME LI ME LI 
ak. eee 5.26] 2.00] 5.26] 2.25|12.36] 4.95) 9.72] 5.30/13.58] 5.52|19.06] 9.90 
Fy eae Ee 5.72] 1.80} 6.24) 1.80]10.19] 3.15| 8.06] 2.75|/10.14| 2.70} 8.12] 2.70 
6-9. 5.86] 1.70] 6.24] 1.60] 9.60} 2.60] 8.02] 2.36}/10.11] 2.30) 7.88} 2.30 
Q-12.. 5.62] 1.60] 5.84] 1.50} 9.76] 2.39] 7.73] 2.00] 9.92] 2.00] 8.01] 2.10 
12-18. 5-49] 1.65) 5.64] 1.40] 9.52] 2.12] 7.25] 1.84] 9.65] 1.95] 7.66) 1.85 
18-24. 3-75] 1.15] 5.96] 1.50) 8.77) 1.78] 6.98] 1.76) 9.20) 1.75] 7.53| 1.80 
24-30. 2.71} 1.00] 4.54] 1.20) 8.31] 1.40) 6.73] 1.61] 8.08) 1.57| 6.53] 1.60 
30-36 2.47] 0.90] 2.73} 0.85) 5.66) 1.15) 3.70] 1.12] 3.44] 0.90] 3.70] 1.10 



































1: Trichostema-Andropogon community, 5 profiles; 2: Hypericum community, 2 profiles; 3: Andropo- 
gon-Cladonia association with Andropogon cover 30-50%, 6 profiles; 4: Andropogon-Cladonia association 
with Andropogon cover 20-30%, 8 profiles; 5: Myrica asplenifolia community, 5 profiles; 6: Pinus rigida 
association, 6 profiles. 


* ME, moisture equivalent; LI, loss on ignition. 


TABLE 13 


SOIL ANALYSES; THREE PROFILES, POLYGONELLA-QUERCUS COMMUNITY 






































H oer wee i ae en) a it oo ee ee PH 

(IN.) (IN.) (IN.) 
o-3 | 3.94 | 2.7 | 0-3} | 2.52 a. 0-13] 2.80 ey a ae 
3-24| 2.82 I.1 3-12] 2.48 | 0.9 | 13-14] 2.24 $3 5.4 
24-45] 5.11 2.1 | 12-30) 3.41 1.2 | 14-16) 4.32 18} 4:4 
MOREE eee OC Serer “eee 16-19] 3.77 1.4 4.8 

Wind deposit above this line; old normal profile below 

: ee .| 45-48] 7.74 2.5 | 30-33] 6.85 2.1 | 19-22] 6.63 2.8] 4.6 
a .| 48-51] 7.02 2.7 | 33-36] 6.67 2.2 | 22-25] 6.49 2.4| 4.6 
A. : 51-54| 6.91 2.6 | 36-39] 6.57 2.0 | 25-28] 6.48 2.9 4.6 
sien 54-57| 7.27 2.6 | 39-42] 6.08 | 2.0] 28-31] 7.17] 3.0] 4.9 
Be b.2.68 57-63| 6.90 2.4 | 42-48] 5.89 2.0 | 31-37|°5.76 2.4 4 
_ ape 63-69] 6.54 2.0 | 48-54] 6.17 1.7 | 37-43] 5-74 2.2 5.2 
| Ape ..| 69-75] 6.15 1.7 | 54-60] 5.47 1.7 | 43-49] 5.17 2.0 5.8 
A a a 1.3 | 60-66] 3.13 I.2 | 40-55] 3-57 1/2). 38 



































* ME, moisture equivalent; LI, loss on ignition. 
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lenses of coarse material a few inches thick were found at varying 
depths. 

The fine earth fraction was analyzed by the Bovyoucos (4) hy- 
drometer method, and the total sands, “‘total colloids,” and clay de- 
termined. Silt was determined by differences. The sands were re- 
covered, and after drying were separated by sieves into the fractions 
shown in table 11. The fraction 0.25-0.05 mm. was determined by 
difference. 

On the whole data from the mechanical analyses are not very 
helpful in furnishing an explanation of the problems suggested. No 
significant correlations have been established for differences in the 
sand fractions. The total colloids do vary in value with depth and 
among the various communities. Differences between the profiles 
from the Trichostema-Andropogon community and those of the closed 
communities are more probably the result than the cause of the 
difference in wind erosion, however, for comparable horizons at 
lower depths do not show significant differences. It is obviously im- 
possible to find a value for the colloidal content of the horizons which 
were eroded away. That the differences which exist at present in the 
surface layers of the soils in various communities are of some sig- 
nificance in determining the character of the present vegetation 
seems reasonable. Comparison of the moisture equivalent and loss 
on ignition values in various communities brings out the relative 
differences in inorganic colloidal content primarily responsible for 
the greater water-holding capacity of some horizons and profiles. 
It can be assumed that these differences might also be responsible 
for a larger nutrient-holding capacity in the sands with higher col- 
loidal content, with corresponding effect upon growth and density 
of the vegetation. 

Loss ON IGNITION.—For coarse sandy soils, loss on ignition is 
usually regarded as a fair index of the organic matter content. Such 
soils usually contain little carbonate, and the loss caused by col- 
loidal dehydration is small. 

Soil samples were oven-dried to constant weight in crucibles at 
110 C. They were then heated to redness in an electric muffle until 
all organic matter had been destroyed, and after cooling, loss of 
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weight was determined. The data are presented in tables 11, 12, and 
13. 

With the exception of the surface 1-3 inches, which contain recent 
accumulations of organic matter, comparable depths and horizons 
in the various communities, especially among those with a normal 
soil profile, show remarkably close agreement in ignition loss. This 
is well brought out in columns 3, 4, 5, and 6 in table 12, the last three 
columns showing almost perfect agreement in this property. A com- 
parison of columns 3 and 4 indicates a slightly greater organic con- 
tent in the community carrying the heavier cover of Andropogon, 
although the differences are not so striking as are those for moisture 
equivalent. A comparison of these values with those in table 13 from 
the uncultivated and buried profiles in the Polygonella- Quercus com- 
munity shows rather good agreement for comparable levels, except 
in the upper 3 inches. There is a slight suggestion of some loss of 
organic matter in the lower layers of the cultivated profiles, but the 
data are not sufficient to warrant a definite conclusion. Such a loss 
also seems to be indicated for the soils on which the Hypericum com- 
munity is growing and might be expected, for there has been little 
addition of organic matter to the barrens soils in the past 100 years 
or more. It seems more reasonable to assume such a loss than to 
assume that the present differences date back to the time of cul- 
tivation. 

Low values were expected in the Trichostema-Andropogon com- 
munity since no A horizon is present. The high surface value is due 
to mechanical burial of wind-borne dust. Bearing in mind that ap- 
proximately 12 inches of sand had been removed by wind erosion 
from the profiles for which data are given in column 1, table 12, and 
comparing the various depths with the comparable horizons in 
columns 3, 4, 5, and 6, agreement on the whole is good, the sharp 
break in all series occurring at the C horizon. 

The low and fluctuating values of ignition loss in the wind-borne 
deposits were expected, since rapidity of sand deposition and 
amounts of plant parts buried would vary with both time and place. 
The data presented are all from profiles in dunes which carry little 
undergrowth at present. Higher values at the surface were mainly 
caused by the presence of organic dust. Areas with moss and lichen 
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mats would undoubtedly have higher surface values than those 
recorded. 

Consideration of all the data for ignition loss seems to indicate 
that the ranges in value are most easily interpreted on the basis of 
the presence or absence of erosional and depositional phenomena 
following an original cultivation, mentioned many times previously, 
combined with recent surface depositions of amounts varying 
among the communities. In contrasting the profiles from barrens 
with those from other communities, it seems obvious that differences 
in organic matter content of the various surface soils resulting from 
erosion and deposition have been important in the establishment or 
failure of certain species of plants. Although no tests were made, the 
differences are apparently great enough to cause significant varia- 
tions in ammonification and nitrification rates. 

MOISTURE EQUIVALENT.—This value is often considered to be the 
most important of the “‘soil moisture constants,” and is regarded by 
some soil scientists as one of the most significant single-value deter- 
minations of soil properties. Not only is it a useful laboratory meas- 
ure of water-holding capacity, but in conjunction with loss on igni- 
tion data it gives an indication of the inorganic colloidality of coarse 
sandy soils. Moisture equivalents of pure sands are very low, often 
less than 2 per cent, and any marked increase over such values is 
often related to the colloidal content, both organic and inorganic. 
When two sands similar in texture in the coarse fractions and prac- 
tically equal in organic content show marked variation in moisture 
equivalent values, it may be assumed that the differences indicate 
corresponding fluctuations in the inorganic colloid content. Such va- 
riations are significant in their bearing upon the relative adsorption 
and retention of mineral nutrients by the two soils. 

Since moisture equivalent determinations can be made rapidly, 
a means is afforded of securing considerable applicable data in a 
relatively short time; hence this property was investigated exten- 
sively. Determinations were made in the usual manner, and loss on 
ignition values were secured on the same samples. Many of the data 
are presented in table 12. This value is also recorded in tables 11 
and 13. 

The results are in general agreement with those of the loss on 
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ignition determinations, although the differences among the various 
profiles are more pronounced. It is probable that the greater density 
of Andropogon and the greater number of forbs on those areas pos- 
sessing moisture equivalent values of the order indicated in column 
3, table 12, over those with the values shown in column 4, are related 
to the greater inorganic colloidal content indicated in the former. 
The slight differences in ignition loss would suggest that a difference 
in organic colloidal content is not responsible for the greater water- 
holding capacity in the first case. 

The determinations for the barrens communities, correlated with 
the eroded or buried types of profile, show the low moisture equiva- 
lent values which would be expected, re-emphasizing the unfavora- 
bility of the present surface soils in such communities for plant 
ecesis. 

Acipity.—Determination of soil acidity is useful for several 
reasons. Acidity values in the various horizons indicate approxi- 
mately the degree to which the chemical profile is developed. So far 
as plant growth is concerned, one need not assume a toxic action of 
the hydrogen ion when in high concentrations to account exclusively 
for the poor growth often shown. The general correlation of low pH 
values with low available calcium, high soluble aluminum, decreased 
nitrification, and other factors is well known. Any or all of these 
factors may be responsible for the low productivity of highly acid 
soils, and the relatively limited flora often found on them. 

The hydrogen ion concentration of the sand plains soils was de- 
termined electrometrically, with the quinhydrone electrode, on air- 
dried samples in the laboratory. Field determinations were also 
made, using the Morgan-LaMotte colorimetric method. Determina- 
tions by the two methods showed close agreement. No significant 
differences could be found among the various profiles. Some of the 
data are presented in tables 11 and 13. It should be noted that the 
soils are decidedly acid and that there is a general decrease of 
acidity with depth in truncated and normal profiles. The buried pro- 
file still seems to show normal stratification. The wind deposit shows 
the fluctuation with depth which one might expect on the basis of 
differences in organic content, rate of deposition, etc. The lowest 
pH values were found in the H horizons of the duff in the pine and 
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oak forests, suggesting a podzolizing effect of this duff upon the 
lower layers. It cannot be assumed that differences in soil acidity are 
causative factors in the local distribution of vegetation types upon 
the plains at present. 


Discussion 


Ecologically, the sand plains study has been significant in illus- 
trating the importance of historical factors in a causal analysis of 
the pattern and kinds of present-day plant communities. A com- 
plete and satisfactory explanation of the present sand plains vegeta- 
tion can be arrived at only if the profound influences which these 
factors have exerted are kept in mind. Likewise the pattern of 
edaphic habitats can be appreciated only upon such a basis. 

Although the present study indicates that existence of the barrens 
is of much shorter duration than the ages which have apparently 
been assumed by previous investigators, one may ponder the very 
slow rate of successional change in the extremely open Trichostema- 
Andropogon community. In spite of complete destruction of the A 
horizon, the sere should probably still be regarded as secondary. 
Persistence of an open pioneer subsere stage for 125 to 150 years 
is not usual in a deciduous forest climate. It emphasizes the pro- 
found importance of soil conservation, and the relatively permanent 
effect which soil profile truncation may produce. 

It is possible and even probable that the Andropogon-Cladonia 
association as found at present is a type of plant community which 
had no extensive development prior to white occupation. It is my 
opinion, arrived at through a study of the fence row relicts, that the 
original grassland vegetation showed less development of lichens and 
much greater richness in forbs. The forbs were largely eliminated by 
cultivation and only a few have been able to spread back into the 
abandoned cultivated fields, while the lichens, with their better 
means of dispersal, have been able to assume a much more important 
role. The persistence of both the original grassland and the An- 
dropogon-Cladonia association in the area probably was, and is, 
caused largely by recurrent fires. Burning during the resting season, 
aside from killing many of the woody invaders, is probably more 
helpful than harmful to the grass. Andropogon apparently develops 
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flowers and fruits to a much greater extent following such fires than 
when unburned, a fact which may be important in maintaining the 
stand in a youthful condition. No attempt has been made to explain 
this fact. 

With the cessation of fire, the succession to the oak forest, as indi- 
cated in figure 5, will probably go on as rapidly as the conditions of 
seed dispersal permit. Man could do much to hasten this process. 

From the economic point of view, a large part of the sand plains 
area, both in its past history and in its present state, furnishes 
a striking and early example of the wastefulness of a laissez faire 
land policy. Although the more intelligent and more experienced of 
the original settlers undoubtedly had some idea of the relative values 
of land types in agricultural practice, the method of land allotment 
and the general conditions in the pioneer communities made it in- 
evitable that an attempt would be made, by people of lesser knowl- 
edge and experience, to cultivate these level terraces of coarse sand. 
The squatter was not unknown in colonial New England, in spite of 
the strict ideas and laws regarding land ownership, and in some 
cases allotment seemed only to legalize the possession of lands which 
had already been occupied. Granting that cultivation and subse- 
quent abandonment were inevitable, the state of affairs which has 
existed since is not one of which the successive owners should feel 
proud. 

A logical and complete scheme of land utilization should involve 
the growth of forests upon the areas under consideration. In those 
areas which still retain a normal soil profile, the meager data fur- 
nished by the black oak plantings, the abundant natural reproduc- 
tion of pitch pine in local areas, and the relatively vigorous growth 
rates of both species when once established, suggest that one or both 
of these native species could be used successfully in silvicultural 
practice. Whether forests of these species would pay from the eco- 
nomic point of view is questionable. If ravages of the borer can be 
overcome, black locust would also be a desirable species for this area. 
Its growth rate on the plains is fairly rapid, and the possibilities of 
using the wood for fence posts at a relatively early age might make 
plantations profitable. More important, this species would improve 
nitrogen relations of the soil (12), and thereby have considerable 
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influence on future plantings. Red pine also would grow on the soils 
with a normal profile, although the site index for this species is low 
on Merrimac and Hartford soils in Connecticut (33). Any or all of 
these species could be used successfully in reclaiming much of this 
area. 

The areas in which profile truncation has occurred present a more 
difficult problem. Observation, the planting experiments, and some 
of the factor measurements would indicate that an increase in the 
colloidal content of the soil is needed before ecesis of a large number 
of species and individuals could be assured. Discussion as to whether 
or not it is possible to bring about such an increase in a practical 
manner, and thus hasten the natural but slow process of plant suc- 
cession and biotic reaction, is beyond the scope of this paper. 


Summary 


1. The plant communities lying above the influence of the ground 
water table on coarse sandy terraces in the townships of Wallingford 
and North Haven, Connecticut, are mainly stages in three subseres 
which probably lead up to a xerophytic oak edaphic climax. 

2. The subseres are developing on: ridges of wind-deposited sand, 
superimposed on a grassland type of soil profile; level areas with a 
truncated soil profile, lacking an A horizon; level areas with soil 
profile intact. 

3. Differentiation of initial habitats resulted from, and followed, 
cultivation and wind erosion of the area in the eighteenth century. 

4. Vegetation on the ridges consists of trees, primarily black oak 
and gray birch, forming an open canopy, with a scattering under- 
growth of forbs, especially Polygonella articulata, grasses, shrubs, and 
occasional mats of mosses and lichens. Truncated soils have an 
extremely open cover of Andropogon scoparius and Trichostema 
dichotomum. Increase in abundance and cover is brought about 
chiefly through unintentional burial of seeds by man. 

5. Normal soil profiles for the most part carry a complete cover 
of vegetation, usually a community of Andropogon scoparius, 
Cladonia spp., and Polytrichum piliferum, although occasionally the 
cover consists primarily of Hypericum gentianoides. Forests of black 
oak and pitch pine, and scrub and woodland of various species also 
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occur, and are mainly successional stages following the Andro pogon- 
Cladonia association. Black oak invades many communities through 
burial of its acorns by squirrels. 

6. Mechanical analysis, moisture equivalent, loss on ignition, and 
acidity values of the soils of various communities show differences 
related primarily to the presence or absence of erosion and deposi- 
tion phenomena. Evaporation rates, maximum surface soil tempera- 
tures, and available soil moisture in summer, are highest in the 
Trichostema-Andropogon community and lowest in the forest com- 
munities. 
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HISTOLOGICAL RESPONSES OF IRESINE LINDENII 
TO INDOLEACETIC ACID" 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 484 
BERTRAND F. HARRISON 
(WITH NINETEEN FIGURES) 
Introduction 


Numerous studies of the gross responses of plants to applications 
of indoleacetic acid have been made in the past few years, but few 
studies have been concerned with the specific tissues involved. The 
responses of some of the tissues of Coleus stems treated with indole- 
acetic acid in lanolin were mentioned and pictured in the studies 
made by LarBacH and FiscHNnicuH (7). FiscHnicH (4) found in 
treated Coleus stems that the cells of the parenchyma enlarge, the 
cells in the vicinity of the vascular bundles proliferate, the cambium 
becomes active, and new vascular bundles appear between the old 
ones. He found that the roots arise principally in the borders of the 
vascular bundles. CzaJa (3) investigated the effects of indoleacetic 
acid-lanolin paste on Helianthus hypocotyls, applying it as a ring 
encircling the hypocotyl, unilaterally, and apically on the cut surface 
of decapitated hypocotyls. Treated areas were sectioned and some 
of the tissue responses were described. Similar studies were made of 
Pisum sativum. SNOw (Qg) reported a definite stimulation of cambial 
activity in Helianthus hypocotyls treated with indoleacetic acid in 
gelatin. A detailed study of the histological responses of Red Kidney 
beans treated with this acid was made by Kraus, Brown, and 
HAMNER (6). Later this study was extended and the responses of 
beans to other growth promoting substances were also investigated 
(5). BORTHWICK, HAMNER, and PARKER (1) have studied the histo- 
logical and microchemical reactions of tomato plants to indoleacetic 
acid. 

The stems of bean and tomato each represent distinct anatomical 
patterns. Because /resine lindenit Van Houtte has a pattern differ- 

t Additional cost of publication sustained by the writer. 
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ing markedly from either of these two, it was chosen for the in- 
vestigation here reported. This species evidently includes the garden 
forms I. emersonii, I. collensia, and I. formosa. It is a small erect 
herb belonging to the Amaranthaceae. Native to Ecuador, it is 
widely cultivated in this country as a bedding plant, owing to the 
bright red color of its leaves and stems. 

This investigation was begun in July, 1936, and continued for a 
year. The plants were grown in the greenhouse under favorable 
conditions, but no attempt was made to provide constant conditions 
of light, temperature, or atmospheric humidity. Cuttings were 
started from four months to about a year before the time of treat- 
ment. No differences were noticed in the types of responses of the 
stems at different times of year, but there was a marked difference 
in the rate at which the reactions occurred. Reaction was rapid in 
warm moist weather and abundant sunlight. 

The earlier experiments consisted in the treatment of cuttings 
with aqueous solutions of indoleacetic acid, then planting them in 
clean quartz sand both with and without bottom heat. In making 
up the solutions, a few milliliters of alcohol were used to dissolve 
the indoleacetic acid crystals before water was added. The control 
plants were treated with water containing an amount of alcohol 
equal to that in the indoleacetic acid solution. 

The treatment of cuttings with aqueous solutions of indoleacetic 
acid stimulated the proliferation of some of the tissues and the pro- 
duction of numerous adventitious roots. It was found, however, that 
if the indoleacetic acid was applied to stems in a mixture of lanolin 
the tissue responses were localized in a much shorter portion of the 
stem. Since this method lends itself more readily to a histological 
analysis of the tissue responses, it was adopted for all subsequent 
experiments. 

A mixture of 3% of Merck’s crystalline indoleacetic acid in 
anhydrous lanolin was used in all cases. Two types of applications 
were made on each of two internodes of different degrees of maturity. 
The first obviously elongated internode down from the tip which 
had reached a length of 6-10 mm. is recorded as the first internode, 
and the second internode below the first is recorded as the third 
internode. One method of treatment consisted in encircling the 
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upper-middle portion of any given internode with a narrow band of 
the lanolin mixture, or of pure lanolin in the case of control plants 
(fig. 14). Care was taken not to injure the stem otherwise. Not 
more than one internode was treated on any given stem. The other 
method of treatment consisted in decapitating the stem at the upper 
part of the first or third elongated internode, blotting the surface 
with absorbent paper, and applying the mixture or pure lanolin to 
the cut surface (fig. 1B, C). 

Specimens were taken at various intervals, fixed in CROOKs 
modification (2) of Navashin’s fluid, and imbedded in paraffin for 
sectioning. Sections were cut rou thick. The interpretations are 
based upon the examination of several thousand sections from plants 
of different ages and material in several stages of development. 


Gross responses to treatment 


AQUEOUS SOLUTIONS 


At the beginning of this work a number of stem cuttings were 
treated with aqueous solutions of indoleacetic acid ranging in 
strength from 0.05 to 0.5 mg. per milliliter for fourteen hours. Even 
the weakest of these concentrations proved highly toxic. The aver- 
age number of roots produced by the individual cuttings was in 
inverse proportion to the strength of the solution with which they 
were treated, the untreated controls showing the greatest number 
of roots. Subsequent trials showed that cuttings treated with a 
solution containing o.1 mg. indoleacetic acid per milliliter of water 
for three and a half hours produced an average of about five times 
as many roots as did untreated controls, by the end of two weeks. 
Untreated stems produced roots only at the lowest node and within 
2 or 3 mm. of the cut end of the internode. Treated plants frequent- 


ly produced an abundance of roots the entire length of the lower 
internode. 


INDOLEACETIC ACID-LANOLIN MIXTURE 
First internodes which were treated with a ring of lanolin mixture 
began to swell soon after treatment. By the end of thirty hours 


the portion of the stem under the ring and adjacent to it had swelled 
noticeably and become somewhat lighter in color. During this time 
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the nearby leaves bent and twisted, although later they usually 
straightened out again. The stem may also bend and twist and may 
remain crooked. The treated area continued to increase in size 
slowly and rather uniformly for about ten days, after which there 
was little further enlargement. Meanwhile the stem, a short dis- 
tance above and below the lanolin ring, formed a spindle-shaped 
tumor. The response was usually confined to a few millimeters on 
each side of the band, but sometimes the whole internode became 
involved. Roots penetrated the surface of the stem about ten days 
after treatment. They may continue to grow until they are about 
4or 5 mm. beyond the surface of the stem, when they usually dry up. 
If the atmosphere is humid they continue to elongate. Since there 
are numerous roots formed, the cortex may be partially lifted off 
or torn; the surface of the stem thus becomes rough and broken, or 
a number of longitudinal cracks may be formed. Previous to the 
appearance of roots the surface of the swelling is usually ridged, the 
ridges resulting from the enlargement of the collenchyma of the 
cortex. 

Control plants in which the first internode was ringed with pure 
lanolin showed a very slight enlargement under the ring. No roots 
were formed nor did the swelling extend perceptibly beyond the 
limits of the lanolin. 

Third internodes which were ringed with indoleacetic acid mixture 
showed very local swelling confined to a few millimeters in breadth. 
There is considerable difference in the state of maturity of these 
so-called third internodes, so there were some differences in the 
reactions of different stems. The less mature stems showed more 
obvious responses than more mature ones. The enlarged areas were 
not noticeably ridged nor broken except where roots penetrated the 
surface. Root primordia appeared in ten to twelve days. There were 
fewer roots formed than in the first internode; those which were 
formed behaved much as did those of the first internode. Not all of 
the roots formed penetrated to the outside; some grew downward 
just inward from the collenchyma of the cortex. 

Control plants in which the third internode was ringed with pure 
lanolin showed almost no responses which could be detected with 
the unaided eye. 
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The first noticeable response of decapitated first internodes to ap- 
plications of lanolin mixture to the cut surface was a slight swelling 
of the stem immediately below the treated surface about thirty 
hours after treatment. The stem continued to increase in diameter, 





Fic. 1.—Stems of Jresine at beginning of experiments. A: lines indicate portion 
where indoleacetic acid in lanolin would be applied encircling first or third internode. 
B: decapitated first, and C: decapitated third internode with layer of lanolin applied 
to cut surface. 


the greatest swelling taking place about 2 mm. below the cut sur- 
face. There was no development of tissue above the original level 
of the cut surface and less than the first centimeter of the stem was 
affected by the treatment. The surface of the swelling may be 
ridged, but usually it remained rather smooth. 

The root primordia penetrated the epidermis just below the cut 
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surface about nine days after treatment. An almost complete ring 
of roots was usually formed, and in this area the cortex was lifted 
off the stem (fig. 34). The dried fragments may remain attached 
to the edge of the intact cortex. As in laterally treated stems, the 
roots grew out from the surface 4-5 mm. and then dried up and 





Fic. 2.—Stems 360 hours after ringing with lanolin mixture. A: first internode; 
B: third internode. 


ceased to elongate unless kept in a moist atmosphere. A few stems 
were observed for about a month after treatment; after about four- 
teen days little change was noticed in their external appearance. 
First internodes which were decapitated and pure lanolin applied 
to the cut surface showed a very slight swelling immediately ad- 
jacent to the cut surface. No subsequent changes were observed. 
Decapitated third internodes treated with lanolin mixture showed 
essentially the same responses as did treated first internodes, except 
that the stems were much less reactive. The swellings were smaller 
in proportion to the size of the stem, and the number of roots pro- 
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duced was usually not so great. Within about thirty to forty hours 
the stem began to swell a few millimeters below the cut surface. 
This continued until the enlarged portion was about double the 
diameter of the original stem. There was little further change until 
the roots emerged after about twelve days (fig. 3B). The cortex was 





Fic. 3.—Decapitated stems 312 hours after lanolin mixture applied to cut surface. 
A: first internode; B: third internode. 


torn loose where the roots emerged and the roots reacted as in the 
other cases. 

The decapitated third internodes which were treated with pure 
lanolin as controls showed no marked responses except slight en- 
largement immediately adjacent to the cut surface. 


Histological details 
NORMAL ANATOMY 


Transections of the first internode of Jresine stems are somewhat 
oval in outline. Two prominent opposite ridges which extend the 
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length of the internode alternate with two lateral ridges. A group 
of three primary vascular bundles is located in each of these four 
ridges, and through part of the internode four additional bundles 
may alternate with these four groups, making a total of twelve to 
sixteen bundles (fig. 44). The bundles may anastomose near the 
node but they do not become united laterally to form a continuous 
cylinder of vascular tissue. WILSON (10) has described the anatomy 
of Iresine paniculata, and his description applies to this species as 
well. Two or three layers of collenchyma occur subepidermally in 
each of four ridges. Between the ridges the cells are thin walled 
and contain numerous chloroplasts. There are seven to ten layers 
of cortical cells but no well defined endodermis. 

In young stems the pericycle appears as a nearly continuous band 
one cell in thickness. Divisions in a centripetal direction produce 
at intervals cells which mature to form small bundles of functional 
xylem. Between these bundles the cells formed by the pericycle and 
its derivatives become uniformly thickened, and at maturity appear 
nearly square in transection and rectangular in longitudinal view. 
WILSON calls this conjunctive tissue and attributes it not to a peri- 
cycle directly but to an extrafascicular cambium formed by the 
pericycle. After a small bundle of xylem cells has been formed, the 
derivatives of the pericycle external to the bundle function as a 
fascicular cambium and divide centrifugally to form a number of 
cells which mature as phloem. On each side of the bundle additional 
layers of conjunctive tissue are laid down. Later the bundle may 
become completely imbedded in this tissue. The number of layers 
of thickened cells varies with different plants for corresponding 
internodes and also with the level in any given internode. The 
tissues in the upper portion of an internode are the most nearly 
mature since the base of each internode remains relatively meriste- 
matic. In the older internodes the bundles inward from the conjunc- 
tive tissue may be separated from it by several layers of cells of 
primary origin. This condition is seen especially at the middle of 
the internode. 

Adventitious roots develop from untreated cuttings within six 
to ten days after they are planted in moist sand. The roots arise 
from very near the cut surface at the base and from the internode 
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near the lower node or nodes if more than one node is buried in 
the sand. Scarcely any roots arise from the internodes of untreated 
stems except from that portion which is very near the cut surface 
or a node. The tissue from which the adventitious roots arise is 
the pericycle and its undifferentiated derivatives. The first divisions 
in the formation of the roots usually occur in the outer layer of 
cells; that is, in the pericycle, and soon afterward the next layers 
inward also become active. From the cells which arise from the 
first layer there is organized a calyptrogen from which the epidermis 
and the root cap are developed. The histogens for both the periblem 
and the plerome appear to originate in cells derived from the second 
layer; that is, the one immediately underlying the pericycle. The 
layers of cells inward from these outer layers divide actively and 
form a number of cells which make up that part of the root nearest 
the center of the stem. Root primordia often arise external to the 
small secondary bundles imbedded in the conjunctive tissue, in 
which case the phloem of these bundles becomes active and is in- 
volved in the formation of the lateral roots. 

The principal responses of the various tissues to treatment are 
illustrated by means of photomicrographs. These show some of the 
more obvious changes which were observed. 


RESPONSES OF FIRST INTERNODES ENCIRCLED 
WITH LANOLIN MIXTURE 

Following lateral applications of lanolin mixture to the first 
internodes, the cells of the epidermis become very reactive. Soon 
after treatment they enlarge, principally in a radial direction (fig. 
4B), and after considerable expansion divide, mainly tangentially. 
In local areas the epidermal cells divide repeatedly, forming small 
protuberances of cells which project beyond the neighboring ones. 
By the end of 216 hours practically all the epidermal cells in the 
treated area had divided tangentially at least once (fig. 74). Sub- 
sequently a new epidermis is organized from the outer layer of 
daughter cells. 

The cortical collenchyma is the first tissue to show noticeable 
responses to lateral treatments. Within thirty hours the cells had 
begun to enlarge. Enlargement continues to such an extent that 
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the cells lose their characteristic appearance as collenchyma, the 
walls become distended, and the thickenings disappear. There are 
scarcely any intercellular spaces (figs. 4B, 5A). The cytoplasm of 
the cells becomes dense and many of the cells divide, mainly tan- 
gentially. Some of the cells respond much more readily than others, 
but divisions of the cells of the collenchyma are never numerous. 

The cells of the cortex, exclusive of the collenchyma, show little 
response except a slight general enlargement. By the end of 168 
hours there may be a slight increase in the number of divisions over 
that of untreated stems, especially in the inner cortical cells (fig. 
7A). There is no well defined endodermis but such as is present 
shows only slight response. External to young root primordia the 
cells may divide a number of times, but ordinarily they are only 
slightly more active than the other cells of the cortex. 

The first cells of the pericycle to respond are those which occur 
external to the vascular bundles (fig. 44). Soon, however, the peri- 
cyclic cells which lie interfascicularly also proliferate, and a con- 
tinuous band of meristematic cells is established (fig. 6B). The cells 
of the meristematic layer are involved in the initiation of root pri- 
mordia but to a lesser extent than the cells of either the phloem or 
rays. 

Of all the first internode tissues the phloem is the most responsive 
to treatment. Beginning soon after treatment the cells enlarge in 
all directions, especially radially. At the outer periphery of the 
bundles a large cap of highly meristematic cells is formed from the 
phloem, pericycle, and in some cases from the cells of primary origin 
which lie between the phloem and the pericycle (fig. 54). After the 
extrafascicular cambium becomes active its newly formed deriva- 
tives contribute to this mass of cells, which lie just inside it. The 
tissues exterior to this cap of cells are pushed outward and laterally. 
The sieve tube-companion cell groups become widely separated from 
one another, and some time after treatment they appear scattered 
throughout the mass of proliferating cells. The cells of this active 
tissue contribute to the formation of the adventitious roots. 

While the fascicular cambium remains active following treatment 
with indoleacetic acid, it does not appear to be markedly stim- 
ulated. The cambial zone remains rather narrow, and as a result 
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most of the sieve tubes and companion cells do not become separated 
from the xylem by a very wide zone (fig. 7A, B). No divisions were 
observed in the cells of the xylem parenchyma although they may 
enlarge slightly. 

The cells of the pith, except those of the rays, are affected little or 
not at all by lateral treatments. In a few stems some of the pith 
cells appeared slightly enlarged, but no other changes were observed 
in the pith at any level of the treated stem. 

The ray tissue lying between the bundles and especially that im- 
mediately adjacent to the phloem responds more actively to treat- 
ment than any other tissue except the phloem. The ray cells are 
among the first to become active, and this activity spreads laterally 
until there is a band of meristematic cells between each pair of 
bundles (fig. 54). This meristematic band becomes broader by 
subsequent divisions of the cells composing it, and by divisions of 
the pericyclic cells, until a broad zone of meristematic cells is formed 
extending from the level of the fascicular cambium outward to the 
endodermis. The endodermis is finally pushed outward, well beyond 
its former position (fig. 7A). 

It is from this zone of meristematic cells both over and between 
the bundles that the primordia of the roots arise. By far the greater 
number of roots originate in the ray cells immediately adjacent to 
the phloem, with the phloem, rays, and pericycle each contributing 
to their formation (fig. 64). Occasionally roots develop from the 
ray and pericycle about equidistant between two bundles (fig. 6B). 
In the formation of the roots from first internodes it seems that the 
histogen of the calyptra arises from the pericycle and that the 
periblem and plerome arise from derivatives of the rays. 

As the roots increase in length they push their way outward 
through the cortex. No evidence of enzymatic digestion of the cor- 
tical cells was observed; instead the cells are crushed and pushed 
together ahead of the. lengthening root. Not all of the roots reach 
the surface; some grow downward or laterally through the cortex 
just within the collenchyma. 

Some of the derived cells which lie inward from the root tip 
differentiate as xylem elements and phloem elements, so that the 
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vascular system of the young root becomes directly connected with 
similar elements of the vascular bundles of the stem (fig. 7A, B). 

First internodes which were encircled with pure lanolin as con- 
trols resembled the treated stems in the activity of the epidermis. 
Epidermal cells of control plants enlarged and divided periclinally 
in the region where lanolin was applied, and 384 hours after treat- 
ment the majority of the epidermal cells had divided at least once. 
The epidermis was but slightly less active than in stems treated with 
the lanolin mixture. In figure 5 a stem 144 hours after treatment 
with the mixture is compared with a stem 384 hours after treatment 
with pure lanolin. The cells of the collenchyma in stems treated 
with pure lanolin also enlarged slightly although no divisions were 
observed. Through a very short vertical distance the other cells 
of the cortex may also become slightly enlarged. In none of the 
other tissues were any differences from untreated stems observed. 


RESPONSES OF DECAPITATED FIRST INTERNODES TO APICAL 
APPLICATIONS OF LANOLIN MIXTURE 


The epidermal cells of apically treated first internodes do not 
respond as in laterally treated stems. Those changes which do occur 
are found largely within 1 mm. of the cut surface, where the majority 
of the epidermal cells enlarge to about one and one-half times their 
original size but show no further obvious responses. Those im- 
mediately below the cut surface, and some in vertical strips, may 
enlarge to more than double their original size and divide as in 
laterally treated stems. Since this response is local rather than 
general, it may be because of lanolin coming in contact with the 
side of the stem. 

Soon after treatment the cells of the collenchyma begin to enlarge, 
principally in a radial direction; subsequently a few of them may 
divide. At first only the cells immediately adjacent to the cut sur- 
face enlarge, but later cells farther down become involved although 
the region of activity never extends more than a few millimeters 
down the stem. As with the epidermis, there may be considerable 
increase in the size of the cells and active divisions in localized 
vertical strips of the collenchyma. 

The inner or parenchymatous cells of the cortex show little change 
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for the first 72 hours following treatment, but later they enlarge 
and some of them divide. Not all of the cells are equally affected; in 
local areas the cells may divide repeatedly in all directions while in 
other parts at the same level they may divide but rarely. All inter- 
mediate conditions exist. The activity of the cortical cells is con- 
fined largely to the first 2 mm. below the cut surface. In the root 
zone much of the cortex is torn from the stem by the developing 
roots. No special activity in the endodermis was observed. 

The pericycle is one of the more reactive tissues of the stem. Soon 
after treatment the cells enlarge slightly, the cytoplasm becomes 
dense, the nuclei become more prominent, and directly thereafter 
some of the cells divide (fig. 8A). As in laterally treated stems, the 
pericycle becomes active first over the bundles and later between 
the bundles, so that a nearly continuous band of proliferating cells 
is formed. 

The cells of the phloem are extremely reactive. They may enlarge 
to more than double their former size before they divide. Following 
division the daughter cells enlarge and divide repeatedly. At the 
same time the cells of the rays begin to proliferate (fig. 8A, B), 
repeated divisions occurring centripetally. This often results in a 
long row of cells all derived from a single parent cell (fig. 9A). The 
proliferating cells of the phloem, pericycle, and rays contribute to 
the formation of a broad zone of meristematic tissue which extends 
as a continuous band outward beyond the original limits of the 
vascular bundles (fig. 9A, B). 

The root primordia are organized from this zone of meristematic 
cells. As in laterally treated stems, the primordia arise mainly from 
the ray tissue and the pericycle, although some of the phloem deriva- 
tives may also be involved. The roots are frequently so close to- 
gether that almost the entire band of cells is involved in root produc- 
tion, and fasciation is not uncommon (figs. 9, 10B). As the roots 
develop, an increasing number of cells within this band become ac- 
tive. There were numerous divisions in the outer cells of the pith. 
The cells of the pith frequently divide actively throughout the first 
millimeter below the treated surface, but few divisions were ob- 
served in the pith below this level except at its periphery. No cases 
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were observed in which the pith had proliferated sufficiently to pro- 
ject above the level of the cut surface. 

The proliferation of the phloem cells and of the cambium deriva- 
tives forces the sieve tube-companion cell groups outward and 
separates them into smaller and smaller groups. The cells of the 
xylem parenchyma proliferate and spread the elements of the xylem 
apart. At the same time many of the ray cells differentiate as tra- 
cheids more or less at random (fig. roC). These activities result in 
a nearly continuous band throughout which vascular elements are 
distributed, whereas the bundles of laterally treated stems remain 
sharply separated (fig. 10A, B). 

The responses of decapitated first internodes to apical applications 
of pure lanolin consisted principally in a slight enlargement of cells 
of the cortex and pith near the cut surface. There was also some 
enlargement and radial division of some of the cells of the epidermis 
and collenchyma. In stems taken 384 hours after treatment these 
responses were confined to a vertical distance of less than 500 yu 
from the cut surface. All other tissues appeared as in untreated 
stems. 

RESPONSES OF THIRD INTERNODES ENCIRCLED 
WITH LANOLIN MIXTURE 

At the time of treatment of the third internodes, the pericycle and 
its derivatives appear as a continuous ring four to eight layers of 
cells thick, surrounding the stele. There is a marked difference in 
the state of maturity of these cells for different plants and at differ- 
ent levels in any given internode. In some third internodes none 
of these cells has any noticeable thickenings of the walls, while in 
others there are three or four layers of conjunctive cells with heavily 
thickened walls, and outward from these are three or four more lay- 
ers in which the walls are not thickened. The responses of this lat- 
ter type to treatment differ markedly from those of first internodes, 
but third internodes of the first type resemble more closely first 
internodes in their responses. 

The tissues of the third internode, especially the more mature 
internodes, are much less responsive to treatment than those of 
first internodes. The epidermal cells of treated third internodes 
enlarge only slightly beyond their original size. Subsequently they 
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divide in regular tangential divisions with little further increase in 
size (figs. 12B, 14). The cells of the collenchyma respond much as 
in laterally treated first internodes but to a lesser extent. The cells 
enlarge about one and one-half times, principally in a radial direc- 
tion. A small proportion of them divide. 

The cortex, exclusive of the endodermis, shows but slight enlarge- 
ment of the cells. The endodermis is reactive to the extent that 
there are occasional divisions, especially in the vicinity of develop- 
ing roots. 

The pericycle and its derivatives, together with the phloem of 
the secondary bundles, are the most responsive tissues. In stems 
in which the walls of the conjunctive cells have not become thick- 
ened, the entire band of conjunctive tissue, or nearly all of it, be- 
comes meristematic and the tissues interior to it may also become 
involved (fig. 134, B). The tissues inward from the conjunctive 
tissue which become active are the phloem, ray cells, and a cap of 
cells of primary origin which occur between the primary bundle and 
the conjunctive tissue. Cells of the pith are not noticeably affected. 

In stems which have a number of layers of thickened conjunctive 
cells the responses to lateral treatments are confined to the non- 
thickened conjunctive cells and those external to them. Soon after 
treatment, the phloem of the secondary bundles and the nearby 
pericycle and its unthickened derivatives become active. Only 
rarely do any of the conjunctive cells with thickened walls enlarge 
or divide. Usually the first cells to respond are those which lie 
directly external to the primary bundles (fig. 12A, B). Later the 
remainder of the pericycle and its derivatives may proliferate, but 
it is in the vicinity of the primary bundles that most of the roots 
arise. Apparently the calyptrogen develops from the pericycle and 
the periblem arises from the younger pericyclic derivatives which 
are still meristematic. The plerome seems to develop either from the 
young pericyclic derivatives or from the phloem of the secondary 
bundles (fig. 14). 

As the lateral roots increase in length, some of the cells derived 
from the root tip differentiate as vascular elements. In stems in 
which there is little or no thickened conjunctive tissue, the cells 
lying inward from the root (including those of the conjunctive tissue) 
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may also differentiate as vascular elements and become part of the 
conductive system of the root. In such cases the xylem elements 
and the phloem elements of the young root subsequently extend 
through the band of conjunctive tissue and become connected with 
similar elements in the primary vascular bundles of the stem, al- 
though they may also become connected with the secondary bundles 
occurring in the conjunctive tissue (fig. 13B). In contrast to the 
condition just described, the vascular systems of roots which develop 
outside of a number of rows of thickened conjunctive cells do not 
become connected with the elements of the primary vascular bun- 
dles. Cells derived from the root tip differentiate as xylem and 
phloem elements adjacent to similar elements of the secondary vas- 
cular bundles, which lie in the band of conjunctive tissue (fig. 15). 

Third internodes which were encircled with pure lanolin as con- 
trols differed only slightly from untreated stems. Most of the epi- 
dermal cells under the ring of lanolin became slightly enlarged and 
divided tangentially. A few of the epidermal cells 384 hours after 
treatment had divided several times. None of the other tissues in 
the control plants showed any noticeable differences from un- 
treated stems. 


RESPONSES OF DECAPITATED THIRD INTERNODES TO APICAL 
APPLICATIONS OF LANOLIN MIXTURE 

Third internodes which were treated apically proved to be very 
reactive. They are not so reactive as first internodes but they show 
much greater activity than third internodes treated laterally. All 
tissues made up of living cells responded to some extent to apical 
treatments with the lanolin mixture. 

Near the cut surface of the apex the cells of both the epidermis 
and the collenchyma become enlarged, although few of the cells 
divide. At distances of more than 1 mm. from the apex the cells of 
both tissues show no obvious differences from those of untreated 
stems. The cells of the cortex in small local areas show numerous 
divisions, but there is no general proliferation and such activity as 
does occur is confined to a very short vertical distance from the 
treated surface. As in the other treatments, the cells of the endoder- 
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mis may show a limited number of divisions but they do not become 
markedly meristematic. 

The reactions of the other tissues are more or less a combination 
of the reactions manifested by laterally treated third internodes 
and apically treated first internodes. The pericycle and its deriva- 
tives begin to proliferate soon after treatment (fig. 164). In most 
of the stems examined there was a rather general proliferation of this 
tissue throughout its whole circumference. Root primordia arise 
from the pericycle, the pericyclic derivatives, and the phloem of the 
secondary bundles as in laterally treated third internodes, but root 
primordia also arise from the pericycle and its derivatives where 
there is no phloem, especially in stems which have very little thick- 
ened conjunctive tissue (fig. 174). Numerous root primordia were 
produced. More of the cells of the conjunctive tissue became active 
than in laterally treated third internodes. 

All of the conjunctive cells with thin walls became active and pro- 
liferated extensively, and many of the conjunctive cells with thick- 
ened walls also divided extensively. The cells with thickened walls 
which did not divide were left as small isolated groups surrounded 
by proliferating tissue. Many of the conjunctive cells with thickened 
walls became differentiated as xylem elements with irregular wall 
thickenings. Some of the proliferating conjunctive cells differen- 
tiated as vascular elements which served to connect the vascular 
system of the young lateral roots with similar elements in the pri- 
mary bundles. The vascular systems of a large majority of the 
lateral roots formed became connected with those of the primary 
bundles as described for laterally treated third internodes, but here 
also the vascular system of the young root may become connected 
with similar elements in the secondary bundles, at least in the case 
of the xylem. In the older stem sections examined there was con- 
siderable new xylem differentiated in the primary bundles from cells 
derived from the fascicular cambium. The xylem of many of the 
young roots became connected with this new xylem in the primary 
bundles. Some connections between the xylem of the secondary 
bundles and that of the primary bundles were established. 

In contrast to the conditions found in laterally treated stems, 
those treated apically showed great activity in the tissues which lie 
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Fic. 4.—A: transection of first internode showing nature of tissues at beginning of 
experiments (col, collenchyma; pel, pericycle; ph, phloem; ca, cambium; xy, xylem; 
ra, ray; pi, pith). B: first internode 110 hours after lateral treatment. Epidermis, 
collenchyma, and cortical parenchyma cells enlarged. Pericycle over bundles, phloem, 
cambium derivatives, and ray cells, especially those adjacent to bundles enlarged and 
dividing. Some xylem parenchyma cells enlarged slightly. 


318 














a ee 
‘ “wi 

oe Pr ee 
2. 4e 
Bicrar. 


Al 





Fic. 5.—A: first internode 144 hours after lateral treatment. Phloem, pericycle, 
and ray tissue show increased activity. Root primordia have begun to be organized 
from ray tissue adjacent to each bundle. B: transection of control stem 384 hours 
after being ringed with pure lanolin. Epidermal cells have enlarged and divided tan- 
gentially; cells of cortex, especially those of collenchyma, have enlarged radially; other 
tissues as in normal stem of this age. 
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Fic. 6.—A: laterally treated first internode 144 hours after treatment, showing two 
root primordia developed from ray tissue and phloem of adjacent bundle. Pericycle 
and phloem of bundle active. B: origin of root from tissues between bundles; pericycle 
and ray tissue involved; 168 hours after treatment. 
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Fic. 7.—A: development of roots in stem 216 hours after treatment. Vascular 
tissue of root has differentiated back to that of bundle. Epidermal cells have divided 
tangentially. Phloem and ray cells have proliferated extensively. B: details of reac- 
tions 312 hours after treatment. Phloem and ray cells show great activity. Connection 
of vascular elements of root with that of stem is shown. Xylem parenchyma active; 
pith not meristematic. 
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Fic. 8.—A: first internode 80 hours after indoleacetic acid was applied to apical 
cut surface. Pericycle, phloem, cambium derivatives, and ray cells show beginning of 
some activity. Epidermal and collenchyma cells show slight radial enlargement. B: 
93 hours after treatment. Pericycle, phloem, and ray cells have begun to divide. 
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Fic. 9.—A: internode 144 hours after treatment. Root primordia organized from 


and ray tissue; ray tissue especially reactive; xylem parenchyma 


pericycle, phloem, 


slightly active. B: condition similar to A 168 hours after treatment. Ray tissue pro- 
liferated to form a nearly continuous band; activity extends farther into pith; phloem 


largely meristematic. 
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Fic. 10.—A: laterally treated first internode 312 hours after treatment. Roots 
lifting cortex free of stem in places; bundles still rather distinct; pith scarcely affected. 
B: apically treated first internode 312 hours after treatment. Pith rays more reactive 
than in A, giving rise to a broader and more nearly continuous band of meristematic 
tissue; bundles much less distinct; cortex less affected. C: details of region of bundles 
312 hours after apical treatment. Numerous tracheids are differentiated; not all of them 
lead to roots. Phloem very active, ray tissue very active but activity does not extend 
far into pith (cf. fig. 6B). 
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Fic. 11.—Transection of normal third internode at beginning of experiments, show- 


ing tissues and stage of development (col, collenchyma; pel, pericycle; ph2, secondary 
phloem; xy2, secondary xylem; ph2, secondary phloem of bundle; ca, cambium; xyz, 


secondary xylem of bundle; ra, ray; pi, pith). 
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Fic. 12.—A: third internode 48 hours after lateral treatment, showing phloem of 
outer bundle and other derivatives of pericycle beginning to proliferate. B: eight hours 
after treatment; pericycle and its unthickened derivatives outside of thickened second- 
ary xylem cells have become very active; tissues inside this ring not affected. 
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Fic. 13.—Third internodes in which the conjunctive tissue had not thickened at time 
of treatment. A: root primordium arising from pericycle and its derivatives; cells 
inward to primary bundle becoming involved. B: older root primordium, 216 hours 
after treatment, from which vascular tissue is differentiating back to primary bundle 
but also back to secondary bundle. Pericyclic tissue above bundle has proliferated to 
form a wide band; ray and cortex slightly active; most of epidermal cells have divided 
tangentially but with little enlargement. 
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Fic. 14.—Internode 144 hours after treatment; primordium of root which has de- 
veloped from tissue outside of band of thickened conjunctive tissue. Only epidermis, 
pericycle, and its derivatives are active. 
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Fic. 15.—Internode 216 hours after treatment; older root primordium which has 
developed from tissues outside of thickened band. Vascular tissue of root has differ- 
entiated back and tied up with xylem of secondary bundle formed from pericycle. No 
tissues inside thickened band are involved. 
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Fic. 16.—Decapitated third internodes apically treated. A: 80 hours after treat- 
ment pericyclic band has begun to proliferate. B: 110 hours after treatment. Phloem 
of primary bundles, derivatives of cambium, and ray tissue have also become active; 
root primordium developing in pericyclic zone; other tissues not affected noticeably. 


339 




















Tt Sip 
TAN » 
~ 4 , 
Cn I 














Fic. 17.—Apically treated third internodes. A: 144 hours after treatment. Most 
cells of pericyclic zone are meristematic; three root primordia have developed from this 
region. Pith cells adjacent to primary xylem of one bundle have divided repeatedly. 
B: 168 hours after treatment. Two root primordia have arisen from ray tissue adjacent 
to bundles and are growing sidewise instead of outward. Pericyclic derivatives out- 
ward from thickened cell are very meristematic. 


33! 














Fic. 18.—Third internode 240 hours after apical treatment. Root primordia de- 
veloped from pith cells adjacent to primary xylem and growing inward. Xylem paren- 
chyma cells have enlarged, pushing xylem elements apart. Other primordia growing 
outward from pericyclic zone. Vascular tissue is differentiating back to xylem of outer 
ring and also to primary bundles. Ray tissue highly meristematic; epidermis and cortex 
hardly affected at this level, which is about 1.25 mm. below cut surface. 


332 

















ry 
es 
ae 










‘ei 
V1 


‘ 












ae (e<V 
PO) 
3 


: 










ry 








"etal int ot 
RKO 4 le P 
Peta A 4 2 . J 
y é rl 
ae oe 
4 t _ 
4 t -~= 
ya 
ts, 
i . 


Fic. 19.—A: decapitated third internode treated apically with pure lanolin as con- 
trol, 384 hours after treatment. Cells of epidermis and collenchyma slightly elongated 
radially; other tissues as in normal stem of this age. B: normal rooting; root primordia 
produced by stem cutting, untreated except for planting in sand; 144 hours after plant- 
ing; about third or fourth internode. 
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internal to the ring of conjunctive cells. The cells of the phloem, 
rays, xylem parenchyma, and the derivatives of the fascicular cam- 
bium all proliferated much as in apically treated first internodes. 
The cells of the pith and of the ray tissue, however, showed even 
greater activity than did similar tissues in apically treated first 
internodes. In a number of cases root primordia were organized 
from proliferating ray cells, inward from thickened conjunctive cells. 
Such roots were prevented from growing outward by the layers of 
thickened conjunctive cells (fig. 17B). 

Of more unusual occurrence was the development of root primordia 
from cells of the pith, adjacent to the protoxylem (fig. 18). The 
cells from which these roots developed are some distance from the 
nearest phloem (figs. 17A, 18). A number of such primordia were 
observed in several different stems. 

In decapitated third internode controls which were treated api- 
cally with pure lanolin, the epidermal cells enlarged slightly. The 
cells of the collenchyma enlarged considerably but very few divided. 
Within the upper 750 uw the cortex and pith became active, the cells 
dividing in all planes. There was also a slight enlargement of the 
pith and cortex. Below 1 mm. from the treated surface the tissues 
appeared about as in an untreated stem (fig. 19A). 


Discussion 


Stems of Iresine proved to be extremely sensitive to aqueous solu- 
tions of indoleacetic acid; treatments which in other herbaceous 
plants produce greatly increased rooting were highly toxic to them. 
Increased growth and cell division took place when the acid was 
supplied in dilute aqueous solution for a short time, or in lanolin 
paste from which it diffuses slowly. 

The proliferation of cutenized epidermal cells with thickened walls 
in response to treatments appears to be of rather unusual occurrence, 
although Crooks (2) has reported the formation of shoots from the 
epidermis of flax seedlings following wounding, and the enlargement 
of the epidermal cells of treated tomato and bean plants has been 
reported. Whether this response results from the presence of indole- 
acetic acid is questionable, since stems treated with pure lanolin 
react in the same way and to about the same degree. Perhaps the 
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results may be owing in part to the inhibition of gaseous exchange 
and respiration. Similarly, in stems treated with the lanolin mixture 
the cells of the collenchyma enlarged and divided, often losing all 
resemblance to collenchyma; but when treated with pure lanolin 
such cells enlarged greatly but very few divisions were observed. 

The activity of the ray tissue and the phloem in the first internodes 
is similar to that reported for the epicotyls of beans, but Jresine 
differs sharply from the latter in the lack of pronounced activity 
of the endodermis, cortex, and pith. No large apical tumors which 
rise above the treated surfaces are formed in [resine; such prolifera- 
tion as does occur is limited largely to the first millimeter below the 
cut surface. While nuclear divisions follow in close succession in 
the proliferating cells, multinucleate cells as reported for the bean 
were not observed, although an occasional binucleate cell was found. 
The general degree of activity of Iresine resembles more closely 
that reported for the tomato than that of the bean. The production 
of lateral roots is similar in respect to origin, development, and 
behavior in beans, tomatoes, and the first internodes of Jresine. 
In the third internodes of the latter a different anatomical pattern 
as a result of secondary thickening is present at the time of treat- 
ment. Whereas in the first internodes at time of treatment only 
primary vascular bundles have been differentiated, in the third 
internode this series of primary bundles has become surrounded by 
a meristem from the pericycle and its derivatives. Thus a different 
anatomical pattern constituting quite a different distribution of cells 
of greater or lesser degrees of differentiation or maturation results 
in a somewhat different series of responses to treatment with the 
lanolin mixture. In laterally treated third internodes the only tissues 
to respond markedly are those which lie external to the thickened 
conjunctive tissue. That the indoleacetic acid does not reach the 
tissues inside this band in sufficiently great concentration to cause 
them to react seems possible when the behavior of apically treated 
third internodes is considered. Something more than the concentra- 
tion of indoleacetic acid must be involved, however, since the quan- 
tity which stimulates the pericycle and its derivatives to become 
highly meristematic must pass through the cortical cells; but they do 
not respond beyond a comparatively limited enlargement. The sup- 
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position that the band of thickened conjunctive tissue hinders or 
prevents the passage of indoleacetic acid beyond its inner limits—and 
as a result there is an accumulation of the indoleacetic acid in the 
pericycle and its derivatives which have not become thickened— 
may be a plausible explanation for the great activity of these tissues, 
but such an explanation could not account for the varied responses 
of different tissues when apical treatments to the cut surfaces are 
made. There appear to be some inherent differences in the capaci- 
ties of cells of different tissues to respond. 

In sharp contrast to the responses to lateral treatments, the tissues 
within the cylinder of thick walled conjunctive cells became very ac- 
tive following apical treatments. Not only did the cells of these tissues 
enlarge and divide but some of them gave rise to root primordia. 
The most noteworthy example of this was the organization of root 
primordia from cells of the pith. The initiation of roots which grew 
inwardly following treatment with the lanolin mixture has been 
reported previously for tomato (1). The internal roots in tomato 
are reported as arising from the internal phloem. It has been sug- 
gested that growth-promoting substances are transported in the 
phloem, and this may be true in the case of tomato. In Iresine, 
however, the internal roots developed from pith cells located near 
the protoxylem and at some distance from the nearest phloem. It 
is unlikely that the cells which initiated these roots were stimulated 
directly by indoleacetic acid which was transported in the phloem. 
It is more feasible to assume that they were stimulated by indole- 
acetic acid which passed down the adjacent xylem elements. This 
tends to support the suggestion of HAMNER and Kraus (5) that 
“apparently some of the indoleacetic acid may travel in vessels in 
the xylem.” 

In stems of the age used in this investigation the fascicular cam- 
bium is relatively active. There is, however, no marked increase in 
the activity of this cambium following treatment with indoleacetic 
acid. It appeared to maintain about the same relative rate of divi- 
sion as in untreated stems. This is in contrast to the condition 
reported for Helianthus (9), for Coleus (4), and for bean (6). It 
is also noteworthy that in laterally treated stems the collenchyma 
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cells with heavily thickened areas become more markedly meriste- 
matic than do the parenchymatous cells of the cortex. 

A rational explanation for the variations in reactivity of different 
tissues of different plants must await further detailed information 
on the movement of the various growth substances in plant tissues 
and the conditions under which their effects on the various cell 
constituents become manifest. The relative degree of maturation of 
the tissues and the cells, the external environment, and the variations 
in the so-called correlative factors at the time of treatment must 
all play a part in the rate and extent of the responses exhibited. 


Summary 


1. The rooting of stem cuttings of Jresine lindenii treated with 
weak aqueous solutions of indoleacetic acid for a short time was 
hastened and the number of roots increased. 

2. First and third internodes were each treated with 3% indole- 
acetic acid in lanolin applied laterally as a ring or apically to de- 
capitated stems. Similar internodes were treated with pure lanolin 
as controls. 

3. The gross responses of the plants were observed over a period 
of two to four weeks. Tumors were formed and numerous adventi- 
tious roots developed in the treated areas. 

4. In the older internodes an extrafascicular cambium derived 
from the pericycle gives rise to a band of conjunctive tissue and 
secondary vascular bundles. Differences in the responses of first 
and third internodes may be correlated with this structural feature. 

5. Histological studies showed that all living tissues of the stem 
react to some extent to treatments with indoleacetic acid. The cells 
of the pericycle and its derivatives, rays, and phloem were the 
most generally responsive, although the epidermis and collenchyma 
became very active in laterally treated stems. Neither the cambium 
nor the endodermis was markedly stimulated. 

6. Lateral roots developed from the tissue of the ray, phloem, 
and pericycle in first internodes. In third internodes roots external 
to the conjunctive tissue developed from the pericycle and its deriva- 
tives and from the phloem of secondary bundles. Such roots as 
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were formed internal to the conjunctive tissue developed from the 
ray tissue and from the pith. 


7. The responses of treated Jresine stems were compared with 
those of other plants and some of the implications are discussed. 


The writer is indebted to Dr. E. J. Kraus and Dr. C. A. 
SHULL for suggesting this problem and for their very generous help 
during the progress of the investigation. 
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LIFE HISTORY OF PELAGOPHYCUS PORRA 


CHARLES C. HERBST AND GEORGE R. JOHNSTONE 


(WITH TEN FIGURES) 


Introduction 

The evidence (12, 13, 18, 19, 26) in support of the view that 
antithetic alternation of generations is generally present throughout 
the order Laminariales has been increasing during the last two 
decades. The present investigation of the life history of Pelago- 
phycus porra (Leman) Setchell extends the evidence in support of 
this view. It is also desired to emphasize the method of culture. 
Harries (8) seems to be the only one who has measured the light 
intensity factor. 

TAXONOMIC RELATIONS.—According to SETCHELL (24), the first 
botanical description of this species was given by LEMAN, who named 
it Laminaria porra. The type specimen, obtained by Dr. Gustav 
EIsEN, was described by AREscHOUG (4) as Nereocystis gigantea. 
ARESCHOUG (5) later separated it from N. luetkeana, making it the 
type of a new genus, Pelagophycus. SETCHELL’s (24) observations 
as to the unilateral splitting of the blade and the consequent close 
relation to Macrocystis caused him to retain the genus, Pelagophycus, 
and to associate it with the Macrocystieae under the tribe Les- 
sonieae. The description of the species and its classification are given 
by SETCHELL and GARDNER (25) in a later publication. 

CULTURE METHODS.—The important factors to consider in the 
culture of marine algae are the mineral requirements, the reaction of 
the various mediums, temperature, and light intensity. It has been 
suggested by HARVEY (10) that sea water contains everything neces- 
sary for the life of marine organisms with the exception of phosphates 
and nitrates, which are present only in minute quantities. Some- 
times their lack limits plant growth. Harvey thinks that the great- 
est amounts of these salts occur during the winter months; that they 
are almost completely used up during the summer, but toward the 
end of October they attain their maxima in the surface water, being 
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replenished from decaying piant and animal bodies which sink to 
the bottom layers. The seasonal variation of the nitrate and phos- 
phate content of sea water near the shore has not yet been accurately 
estimated, but presumably it follows that of the open sea, although 
with greater fluctuation because of contamination. Data presented 
by SCHILLER (22) show that a constant slightly alkaline reaction is 
essential when using culture mediums of sea water plus nutrients. 
ARBER (3) found that additions of nutrient solutions containing 
sodium nitrate, potassium nitrate, and sodium hydrogen phosphate 
to sea water were satisfactory in promoting the growth of the 
gametophytes and the young sporophytes, and KILiian (11) later 
used a similar nutrient solution in the culture of various species of 
Laminaria. DREw (7) used glass jars of 600 cc. capacity which were 
thoroughly washed and filled with sea water to which the nutrient 
solution had been added. The cultures were then inoculated with 
small pieces of mature reproductive areas which had been gently 
brushed and washed in sterilized sea water. WILLIAMS (27) and 
SAUVAGEAU (18, 21) have grown plantules of Laminaria in culture 
using similar methods. KyYLIn (12) made cultures of L. digitata in 
small glass dishes containing 30~4¢ cc. of sea water. Portions of a 
mature thallus bearing mature sporangia were left in the water for 
a few days to permit the escape of zoospores. The fragments of sori 
were then removed to reduce bacterial activity. He noticed that 
in sea water in which 2 per cent sodium nitrate had been added 
there was an abundance of small sporophytes; that the chromato- 
phores were a strong brown color and larger than the ones in sea 
water alone. Macroscopically there was a significant difference be- 
tween the two groups of cultures, for in the nitrate cultures the bot- 
toms of the dishes were covered with a vigorous, deep brown layer of 
vegetation; in those without nitrogen, a relatively thin yellow brown 
layer. While working with Chorda filum, KYLtn (13) found that it was 
only in the cultures to which he had added asmall quantity of calcium 
phosphate plus the 2 per cent sodium nitrate that fertile Chorda 
gametophytes were obtained. In the cultures without phosphate the 
cells of the gametophytes were distended like balloons, and their 
chromatophores were relatively small and pale yellow brown in 
color; after five or six months the gametophytes began to die with- 











1937] HERBST & JOHNSTONE—PELAGOPHYCUS 341 


out having become fertile. Printz (17), working on the Alariae, col- 
lated KyLin’s culture proceedings. MYERS (14, 15), ANGST (1, 2), 
HartcE (9), and McKay (16) followed the general procedure as out- 
lined by Kyiin. Harries (8), using culture methods to study some 
of the factors influencing the development of the gametophytes and 
the early stages of the sporophytes of Laminaria digitata, found that 
zoospores, provided with sea water alone or with sea water plus 
minute quantities of nutrient material, produced germ tubes, passed 
into a temporary resting stage, and remained in that condition or 
increased in size only when the nutrient was increased. The an- 
theridia and oogonia formed only within a restricted range of 
nitrate-phosphate concentrations. When the initial water was not 
removed no fertile megagametophytes or microgametophytes were 
formed. 

As to the temperature requirements of the germinating zoospores, 
SAUVAGEAU (18, 19, 20) and KYLIN (12) merely mentioned placing 
them in a north window in a cool place. SCHREIBER (23) found that 
lowering the temperature of the water to 4°-6° C. induced the pro- 
duction of gametes, whereas raising the temperature to 18° C. sup- 
pressed production, and that gametic propagation is dependent upon 
lower temperatures. Culture experiments as well as observations at 
various stations by SCHREIBER have shown that the vegetative 
tendency to grow is not retarded by higher temperatures. HARTGE 
(9) cultured Nereocystis at.an average temperature of 16° C. main- 
tained by a continuous flow of sea water among the culture dishes 
in a water bath. Myers (14, 15) and McKay (16) used a special 
cooling cabinet and found that the temperature range of 12°-16° C. 
proved to be the most satisfactory for growth and reproduction, but 
noted that gametophytes developed at 4° C. and that oogonia and 
antheridia were first observed about a week after the cultures had 
been moved to a temperature of 12° C. Plants growing at a tempera- 
ture of 12°-20° C. grew normally but failed to reproduce, owing to 
the higher temperature. 

Harries (8) was the first to perform controlled light experiments 
with species of Phaeophyceae. Working with Laminaria digitata and 
L. saccharina, the gametophytes were subjected to different portions 
of the visible spectrum. The results showed that the blue rays of 
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the spectrum allow for complete development but when the red por- 
tion only is available, growth and antheridial formation are re- 
tarded and oogonial formation is definitely inhibited. SAUVAGEAU 
(18, 20), KyLin (12), Myers (14, 15), HARTGE (9), and McKay (16) 
recommend placing the cultures in northern exposures. 


Material and methods 


CoLLEcTION.—Regular bi-monthly collections were made from 
October 1934 to April 1935 by means of dredging operations from the 
Marine Station launch in kelp beds located in water 7-12 fathoms 
deep, 5-7 miles due south from the Breakwater Lighthouse, San 
Pedro Harbor, California, which is located at latitude 33°43'12” 
north and longitude 118°16’20”’ west.! 

The plants were measured on the launch and the mature sori re- 
moved. These were placed in glass jars of sea water or wrapped in 
moist paper and placed in a wet sack and brought to the laboratory. 
Sea water for later culture purposes was obtained at a depth of 
several meters to avoid contamination from the surface plankton. 
Temperature readings of the sea water at 1 meter depth were made 
on each trip. 

METHOD OF CULTURE.—In the laboratory, pieces of the fruiting 
sporophylls were washed thoroughly in sterilized sea water, using 
a stiff brush in order to remove, as nearly as possible, all foreign 
matter which adhered to the gelatinous surfaces, as difficulty was 
always experienced in setting up cultures that were free from con- 
tamination. The culture solution used in the present investigation 
was essentially the same as that originally recommended by KyYLIn 
(12), and consisted of filtered sea water to which were added traces 
of calcium phosphate and sodium nitrate. In order to obtain the best 
results and avoid contamination, the culture solution was made up 
of sea water sterilized in the autoclave at 15 pounds pressure for 30 
minutes and allowed to cool. To this was added sodium nitrate in 
the ratio of 1 gm. per liter, a small crystal of potassium hydrogen 
phosphate, and a trace of calcium chloride. Chemically pure salts 
were used. It was found best to sterilize the water just before using, 


* Map of Los Angeles and Long Beach Harbors. Department of Commerce, U.S. 
Coast and Geodetic Survey. 1932. 
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as sea water allowed to remain in glass jars for any length of time 
forms a precipitate. Air was added to the water after sterilization by 
pouring the water back and forth several times from a height of 20- 
30cm. All dishes, glasses, and glass slides were sterilized. A special- 
ly constructed glass-inclosed culture cabinet situated on the north 
side of the laboratory, where it was never exposed to direct sunlight, 
was used for all the culture dishes. The temperature was controlled 
within 2° of that desired. Two types of culture dishes were em- 
ployed. Glass culture jars of 750 cc. capacity were tried at first, but 
later discarded for glass tumblers of 250 cc. capacity as the latter 
were found to be more convenient in making the necessary weekly 
changes of the nutrient solution. It was also found advisable to 
start the culture in smaller glasses so that in case of contamination 
one or several of them might be thrown out without destroying all 
the cultures from a particular collection. Microscope slides were 
placed in the culture dishes, on which the plants became attached. 
Ten to twelve fragments of the sori about 1 cm. square were placed 
in each dish and allowed to stand from 12 to 24 hours before the 
sporophyll material was removed and a new nutrient solution added. 


Data on technique 
EFFECT OF TEMPERATURE.— Various degrees of low temperature 
approximating that of sea water under natural conditions have been 
used (table 1), and it was found that a range of from 8° to 12° C. 
TABLE 1 


TEMPERATURES MAINTAINED DURING 
GERMINATION 








DATE DEGREES CENTIGRADE 
11/25/34 to 1/1/35 8.33 to 10.00 
1/1/35 to 2/8/35 14.44 to 15.56 
2/8/35 to 4/15/35 11.11 to 12.22 





was best for gametophyte development and growth. At temperatures 
of 14.44°-15.56° C. the chromatophores became pale. Data in tables 
1 and 2 show that the optimum range of temperature in the culture 
cabinet was below that of the average surface temperatures of the 
sea water taken during the collecting expeditions, and also lower 
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than the average monthly surface temperatures at points along the 
shore. This lower optimum temperature no doubt approximates that 














TABLE 2 
COMPARISON OF SURFACE TEMPERATURE IN ° C. 
CoLLecTING La Jouta* BALBoA PieR* 
MontTH EXPEDITIONS 1996-1034 1906-2954 
(1934-1935) “ 
NOOEIIER os Soo: caval 16.25 17.22 17.43 
November........ ~ 15.30 15.42 16.24 
December... ... - ee 15.00 — 13.91 15.12 
FONWALY...... <2 d6i sn 15.00 13.01 14.09 
PODTURTY ....- <a ses 14.25 12.60 14.13 
POMIR ok a ass 0 8 13.50 13.46 14.52 
AAS eons aeons 13.75 14.90 43.35 














, * Mimeographed sheets, Scripps Institution of Oceanography, La Jolla, Cali- 
ornia. 















































TABLE 3 
MEASUREMENTS OF REFLECTED LIGHT IN CULTURE CABINET 
a RED RAYS BLUE RAYS 
LIGHT 
LocaTIoN 
Foot Foot Per Foot Per 
candles candles cent candles cent 
Without cheesecloth screen 
Front of cabinet............. 207 .3 5.7 2.7 16.4 7.9 
Rack of Cabinet........:2:.25:. 143.5 4.9 3.2 13.4 9-3 
Shelf of cabinet.............. 170.5 6.3 3.6 14.0 8.2 
oe a 173.7 5-9 3.1 14.6 8.4 
With cheesecloth screen 
Front of cabinet............. 82.2 2.9 3.0 6.5 8.0 
Back of cabinet... . fm 63.0 2.0 3.0 5.8 8.0 
SBE OLCApINCE. . ..s58.6 252. 80.2 2.3 2.8 5.8 7.0 
TAN URN OS. ess 5 eee 74.8 2.4 2.9 5.8 7.7 




















at the lower levels in the ocean where the plants grow under natural 
conditions. 
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IMPORTANCE OF LIGHT.—In view of the importance of light, a 
number of measurements were made to determine the kind and in- 
tensity of light entering the culture cabinet containing cultures of 
marine algae. A photometer as described by CUSHMAN (6) was em- 
ployed. When used with a color filter before the face of the cell, the 
instrument measures the intensity of the light passed by the filter. 

A comparison was made of the intensities of the red and blue 
portions of the spectrum together with the maximum intensity of 
diffuse light as received on the face of the photoelectric cell when 
placed in the culture cabinet. 

The results (table 3) show that the cabinet received an average 
of 173.7 foot candles of natural reflected light, 8.4 per cent of that 
amount being in the blue end of the spectrum and 3.1 per cent in the 
red region. To reduce the amount of indirect light in the cabinet a 
cheesecloth screen was used, and the results showing the amount of 
light cut off are given (table 3) for comparison. 


Morphological results 

The sporophytic generation of Pelagophycus porra, the so-called 
bull kelp or elk kelp, includes a large conspicuous plant of a mono- 
typic genus confined to a relatively small area on the Pacific coast of 
North America, and at the present time is known to occur from the 
vicinity of Point Conception, California, to some locality on the 
coast of Lower California, Mexico, where its southern limit is not 
well defined. 

Recent data (table 4) taken from fresh specimens in situ based 
on an average measurement of twenty-five plants have increased the 
dimensions for all parts over those of SETCHELL (24). As many as 
twelve to fourteen blades have been found on mature specimens, with 
the first branch nearly always dividing once dichotomously, while 
many times the terminal and final branching were found to be dichoto- 
mous. The surface of the blade is coarsely and transversely: rugose 
and is nearly always found with a dense covering of Obelia and 
Bryozoa. The sporangia are found on macroscopic sporophylls, borne 
in extended sori at the tips of the fronds. In the younger sporophylls 
the sori are entire, but in the older ones the ends become frayed and 
large patches of disintegrating sori are found. 
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DEVELOPMENT OF SPORANGIA.—The sporangia are borne in ir- 
regular, dark colored sori which occur on both surfaces of the sporo- 
phylls. The sorus is made up of a palisade-like layer of sterile uni- 
cellular paraphyses having terminal hyaline appendages and fertile 
sporangia borne side by side. Both of these organs originate from 
the superficial cells of the cortex of the sporophylls. As the spo- 
rangium matures the cytoplasm draws away from the wall, leaving 
the approximate thirty-two spores crowded together. In addition 
to a small amount of cytoplasm, each spore contains one chromato- 
phore. As the spores develop, the wall at the apex of the sporangium 
gradually becomes thickened, forming a caplike structure. As the 


TABLE 4 


COMPARISON OF PLANT MEASUREMENTS 











. SETCHELL HERBST AND JOHNSTONE 
STRUCTURE 
1925 1934-1935 
Length of stipe..... 6-7 m. 6-10 m. 
ee 1.5 dm. diameter 2.3-8.5 dm. diameter 
Apophysis......... 80 cm. long 60-90 cm. long 
Width of blade..... 20-45 cm. 30-76 cm. 
Length of blade.....| 4.0-5.5 m. 1.9-6.0 m. 
Length of arm...... I.3-1.6 m. 1.4-2.0m. 
Outside diameter of 
pneumatocyst....| 12-20 cm. g.0-25.0 cm. 











time approaches for the mature spores to leave the sporangium, the 
more nearly terminal ones are seen to line up toward the apex, 
gradually emerge and float away. While watching this process on a 
slide, three spores have been seen to emerge in 45 minutes. Contrary 
to the findings of other workers, in the Laminariaceae the spores do 
not seem to possess cilia or to be motile. Reference is made in the 
literature cited that the zoospores possess two lateral cilia of differ- 
ent lengths and that the zoospores swim rapidly away upon being 
released from the sporangium. Although various staining techniques 
were employed, no cilia were observed. Continued observations of 
material at different times of day and night failed to disclose any 
motility of the spores. The movement in all cases was slight, but 
the fact that they attached themselves to the slides in the culture 
dishes and germinated in the normal way would indicate that they 
have sufficient buoyancy to float to a place of attachment. 
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The spore is spherical, or occasionally ovoid, measuring 3.5-4 u 
in diameter. When placed in the artificial culture solution, the 
spores float for 8-24 hours and then attach themselves to some sur- 
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Fics. 1-9.—Camera lucida drawings from living material: fig. 1, stages in spore 
germination; fig. 2, two-celled gametophytes; fig. 3, gametophytes showing various 
stages of development; fig. 4, 25-day old gametophytes showing male (slender) and 
female filaments; fig. 5, microgametophyte forming antheridia; fig. 6, megagametophyte 
forming young oogonia; fig. 7, megagametophytes with mature eggs and empty oogo- 
nium; fig. 8, sporophyte showing transverse division of cells; fig. 9, 140-day old sporo- 
phyte showing rhizoids. 


face, begin to enlarge, finally reach a diameter of 10-12 uw, and 
secrete a distinct wall (fig. 1). Germination begins and continues for 
several days, the spores producing germ tubes. The chromatophore 


elongates and passes into the tube, usually dividing during the 
process of migration. When the plants are about one week old the 
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first cross walls appear in a few of the plantules (fig. 2), and several 
days later the majority of the germinating spores form the first wall 
across the germ tube. 

GAMETOPHYTES.—The plantules remain in a temporary resting 
stage for a few days to several weeks, the increase in size being very 
gradual. Within 16 days some of the gametophytes form monosi- 
phonous filaments 3-5 cells in length (fig. 3), and by the end of the 
20-25th day the plants are 8—14 cells in length. The rate of growth 
then increases and is manifested by elongation of the plants and dif- 
ferentiation of the microgametophytes and megagametophytes. The 
microgametophytes are smaller, multicellular, and branched, the 
branches being short and compact or thinner and more elongated. 
Their growth at first appears to be more rapid than that of the 
megagametophyte, and the chromatophores are paler, so that the sex 
of the gametophytes can easily be distinguished by the difference 
in pigmentation as well as by the smaller diameter of the male (fig. 
4). Any cell can function as an antheridium, the end cells being first 
converted. As the process of antheridial formation proceeds and the 
sperms are discharged, the microgametophyte becomes gradually in- 
visible. 

It is possible to distinguish between the two kinds of plants within 
30 days. The larger immature megagametophyte contains 10-14 
cells measuring 8—10 yp in diameter, while the immature microgame- 
tophyte is more profuse in growth, consisting of 12-17 cells, 6-8 u 
in diameter. Under favorable conditions the gametophytes have 
been found to have reached maturity and to have produced gametes 
in about 48 days after the germination of the spores. Mature micro- 
gametophytes have individual cells averaging 12-15 wv in length by 
10-14 w in diameter. Mature megagametophytes have individual 
cells averaging 30-35 win length by 16-18 win diameter. Many ma- 
ture gametophytes have been found measuring 105 yp in length. 

FORMATION OF ANTHERIDIUM.—The mature microgametophyte 
bears slender, irregular branched filaments. The first reproductive 
structures appear in approximately 40-50 days. The end cells of 
these filaments or of their branches may become antheridia, or 
antheridia may develop as one-celled outgrowths from the sides of 
the branching filaments (fig. 5). The chloroplasts cannot be dis- 
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tinguished in them so clearly as in the other cells, and they are filled 
with a rather dense cytoplasm. The process begins in the end cells, 
which become much paler; the wall at the apex of the cell swells 
greatly and the single antherozoid breaks out and moves away. Ulti- 
mately most of the cells of the gametophyte become emptied of their 
contents. One of the first signs of the approaching maturity of a 
culture is the appearance in it of a few empty terminal cells. Soon 
after the antheridium is formed, the contents round up and pull 
away from the wall. The entire contents of the antheridium are used 
in the formation of a single male gamete. The chromatophore gradu- 
ally grows pale and less distinct in form, until by the time the 
antherozoid is discharged, it may appear as an indefinite brownish 
green mass at one side of the cell. McKay (16) describes a similar 
situation in regard to the microgametes of Pterygophora californica, 
where the gametes are a brownish green mass or almost colorless. 
The spherical antherozoid is about 2.2—3.3 u in diameter, having the 
general appearance of a minute spore. Since the gametophytes are 
microscopic in size and the process of liberation of the antherozoids 
must be watched through a microscope, it is only by chance that 
one is able to observe them escape. The situation is made still more 
complex by the fact that often, especially in old cultures, small 
protozoans may be present which are very similar to the anthero- 
zoids in size, shape, and position. In order to make certain of the 
identity of the antherozoids, one must actually see them liberated 
from an antheridium and follow them in their movements. Their 
escape was not observed; whether the forms which emerged were 
free-swimming is still to be determined. The evidence that there 
were sperms was the presence of antheridial structures in the cul- 
tures. Some contained single small bodies while others were empty, 
apparently having been abandoned by the sperms. Recorded obser- 
vations on other genera led also to this conclusion. 

FORMATION OF OOGONIUM AND EGG.—Cultures 50 days old, con- 
taining mature megagametophytes with erect branches, are com- 
monly found bearing large apical cells which are conspicuous on ac- 
count of their dense contents (fig. 6). These cells elongate to about 
twice the length of the normal vegetative cells as the wall at the 
apex becomes swollen. 
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The gametophytes increase in diameter, and are a richer brown in 
color owing to the increased number of chromatophores. The walls 
of the cells have a somewhat heavier appearance, with the apical 
cells of many branches several shades darker than the rest of the 
filament. The length of the cell is much augmented and its apex 
becomes decidedly swollen. This makes the oogonial structures 
strikingly noticeable. The oogonium contains, in addition to the 
egg, a small amount of cytoplasm and a few chromatophores. The 
unfertilized egg is a spherical or ovoid body, surrounded by a deli- 
cate plasma membrane. It contains many chromatophores, which 
are distributed irregularly throughout the cytoplasm (fig. 10). At 
the apex of the oogonium the thickened wall splits, developing a 
beak through which the egg emerges (fig. 7). The egg rounds up as 
it emerges from the oogonium and usually remains in position at the 
tip, where it is fertilized. Although the egg usually remains at the 
mouth of the oogonium, it has been seen displaced and developing 
entirely away from the megagametophyte. There can be no doubt 
that here is a differentiated oogonium, and that the single egg pro- 
duced by it is fertilized after emergence. While most of the young 
sporophytes remain attached to the empty oogonium, many become 
detached and float away. Under natural conditions this probably 
occurs far more frequently. 

FERTILIZATION.—The sexual cells are liberated one or few at a 
time, with long intervals between. It is evident that the chances are 
very much against an observer being fortunate enough to see these 
stages at the critical time. Even continuous observation would not 
suffice to guarantee success, for fertilization may be taking place on 
a slide while it is being examined under the microscope, yet owing to 
the smallness of the microgametes the process may be missed com- 
pletely. The cultures, especially if they are old, often have numbers 
of monads similar in size and shape to Phaeophycean bodies; this 
makes it very difficult to be certain of the identity of Pelagophycean 
antherozoids without having witnessed their liberation. In one case, 
only, a sperm was observed lying close to the tip of the egg. In the 
hour or more that the movement was watched the sperm would 
move from place to place over the membrane of the egg. The egg at 
times would swing away from the apex of the oogonium but always 
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returned to the original position. When movement had ceased, the 
antherozoid was about 6 u inside the membrane of the egg. Im- 
mediately after fertilization, the zygotes form a wall about them- 
selves and begin to elongate. 

DEVELOPMENT OF YOUNG SPOROPHYTE.—The zygote elongates 
and divides, producing two cells of unequal size. Cell division con- 





Fic. 10.—Top, egg from megagametophyte showing chromatophores and cell wall. 
Bottom, sporophytes 148 days old showing rhizoids developing from basal cell. 


tinues in one plane only, resulting in a short thick monosiphonous 
filament of 6—12 cells (fig. 8). The cells in the apical region are the 
first to divide by a longitudinal septum, and are followed rapidly by 
the other cells of the filament, with the exception of the basal cell 
which begins to elongate. The sporophyte is not attached to the 
oogonium by the basal cell but is held in position only by the gelati- 
nous matrix which surrounds the egg; in fact, sporophytes were ob- 
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served to swing about and were often seen floating free after the 
slides had been removed several times for observation. Plants 8-12 
cells in length showed no indication of rhizoid formation; however, 
a number of that size were observed to have an elongated basal cell, 
and in a few cases it was septate. A month after the formation of 
the young sporophytes, rhizoids were observed growing as pro- 
tuberances from the basal cells (fig. 9). The rhizoids are unbranched, 
contain no chromatophores, and have no cross walls (fig. 10). 


Summary 


1. The development of the gametophytic and sporophytic genera- 
tions of Pelagophycus porra was followed under the microscope by 
the frequent examination of living material from cultures. 

2. The culture cabinet received 173.7 foot candles of natural re- 
flected light as the average of several readings taken from 11 A.M. 
to 1 P.M. during January; 8.4 per cent of that amount was in the blue 
end of the spectrum and 3.1 per cent in the red region. 

3. Alternation of dissimilar generations occurs in the life history. 
The massive macroscopic sporophyte alternates with the micro- 
scopic gametophytic generation. 

4. The spores are morphologically homosporous but physio- 
logically different, non-motile, and arise from unilocular sporangia. 
No cilia were observed, although various staining techniques were 
employed. 

5. The sporangia develop spores which are identical in appearance 
with one another, but upon germination become independent micro- 
gametophytes or megagametophytes of microscopic size. 

6. After the formation of the germ tube, the gametophytes may 
give rise to single filaments, or to two filaments growing in opposite 
directions. 

7. Microgametophytes are smaller than the female plants and 
produce antheridia with single sperms, terminally or at the tips of 
lateral branches, in contrast to the clustered antheridia described by 
SAUVAGEAU and Hartce. No sperms were observed to leave the 
antheridia, but several were observed inbedded in the matrices of the 
eggs. 


8. Germinating spores produce g- to 14-celled megagametophytes. 
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This observation agrees with the findings of McKay and Hartce, 
but disagrees with those of SAUVAGEAU and KYLIN, who report hav- 
ing observed one- to few-celled filaments. 

g. The megagametophytes are larger, more branched than the 
male, and produce a single oogonium at the tip of a branch. The 
egg is extruded and is apparently soon fertilized. Following fertiliza- 
tion the zygote forms a wall and the development of the sporophyte 
begins. 

10. The young sporophytes are monostromatic, cell division tak- 
ing place at first in one plane only. The apical cell divides by a longi- 
tudinal septum and is followed rapidly by division in the same plane 
by the other cells of the filament, with the exception of the basal 
cell which begins to elongate. Rhizoids were observed growing from 
the basal cell of sporophytes 140 days old. 


UNIVERSITY OF SOUTHERN CALIFORNIA 
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HISTOLOGICAL COMPARISON OF FRUITS DE- 
VELOPING PARTHENOCARPICALLY AND 
FOLLOWING POLLINATION’ 


F. E. GARDNER AND E. J. KRAUS 
(WITH SEVENTEEN FIGURES) 

An earlier issue of this journal (2) gave an account of parthe- 
nocarpy induced by spraying the open blossoms of the American 
holly, Ilex opaca, with dilute aqueous solutions of several growth 
substances, including indoleacetic acid. It was pointed out that the 
development and external appearance of the parthenocarpic fruits 
were quite like the fruits set following pollination. Even at maturity 
it has not been possible to distinguish between normal and partheno- 
carpic fruits except by cutting open the seeds which in the latter 
case were invariably devoid of embryos. GusTAFsoN (3) has also 
given a list of fruits whose development has been induced to a 
greater or lesser degree by growth promoting substances, but has 
not recorded histological details. 

In view of the marked and extensive histological changes which 
occur in stems of the bean (5, 4) and the tomato (1) when treated 
with lanolin mixtures of certain growth substances, and as a matter 
of general interest in studies on development, a study of the tissues 
of the pistil of [lex opaca as affected by these compounds was under- 
taken. 

The holly is dioecious and the pistillate plants, if isolated from 
possible pollination and otherwise untreated, do not set fruit. For 
the experiments here reported small pistillate plants with freshly 
opened flowers were divided into two lots, one of which was pollinated 
and the other sprayed once with a 0.04 percentage aqueous solution 
of indoleacetic acid. At frequent intervals from six to 571 hours after 
pollination or spraying, flowers or developing fruits together with 
their pedicels were taken from each lot and placed in Navashin’s 
solution for subsequent histological preparation. Although the ap- 

t Additional cost of publication sustained by the writers. 
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Fic. 1.—Young fruit of just opened flower previous to pollination (st’, stigma; sty, 
style; cc, carpellary cavities; endc, endocarp of ovary; ped, pedicel). Numbers refer to 
levels at which sections were selected from the entire series through the fruits, referred 
to in following illustrations. 


356 











1937] GARDNER & KRAUS—HOLLY 357 


plication of other growth substances, namely indolepropionic, indole- 
butyric, and naphthaleneacetic acids, all resulted in parthenocarpic 
fruits, this histological study is confined to the effect of indoleacetic 
acid in comparison with pollination. The comparison likewise in- 
cludes pistils of flowers which were neither sprayed nor pollinated, 
and which, in the normal course of events, would absciss after seven 
to ten days from full bloom without any apparent development of 
the ovaries. Such pistils were taken for study just prior to abscission. 

The material was prepared according to the usual paraffin meth- 
od, sectioned serially chiefly at 10 w, and stained in Flemming’s 
triple stain. 

The pistil of the holly consists of four undiverged carpels, each 
of which incloses a single ovule. The stigma is broad and slightly 
rounded, the style short. The vascular supply consists of four prin- 
cipal bundles each of which diverges to a sepal at the apex of the 
pedicel. Immediately above these and alternating with them are 
four additional bundles, each extending to a petal. Immediately 
above this level the vascular system is diverged into many small 
bundles arranged in four principal groups, each just below a carpel- 
lary cavity. These small bundles then extend upward and slightly 
outward through the inner portions of the carpellary walls, and end 
as groups of tracheids immediately below the stigma, which ranges 
from twenty to thirty cells in thickness in the just opened flower 
(figs. 1, 13). 

If no pollen is applied to the stigma after the flower has opened 
there is practically no further development of any of the tissues 
composing the young fruit. After a week or ten days a vellowing and 
slight shriveling take place, the outer stigmatic cells collapse and 
darken, the ovules shrivel, and the entire fruit, including the pedicel, 
falls. Except for the slight shrinkage of the whole fruit which takes 
place, most of the cells which compose it seem still alive and rela- 
tively turgid; but the contents of the cells of the integument of the 
ovules are much plasmolyzed and the megagametophytes have 
partially disintegrated (figs. 4, 5, 13). 

If pollen is applied to the stigma shortly after the petals expand, 
germination takes place promptly and the pollen tubes are clearly 
evident among the cells of the stigma and style by the end of 67 














Fic. 2.—Just opened flower. A: section at level 1; B: at level 2. In A, vascular 
bundles just above each carpel and stylar canal are shown. In B, beginning of differ- 
entiation of carpels into endocarp and exocarp and principal vascular bundles are evi- 
dent, as well as transection of megagametophyte in each ovule. 
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Fic. 3.—Just opened flower. A: at level 3; B: at level 4. In A, portions of vascular 
strands to petals and sepals as well as the four subcarpellary groups of vascular tissue 
are shown. B is considerably more enlarged than A. 
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hours. Fertilization occurs within 72 hours after pollination. When 
the pollen tubes begin to penetrate between the stigmatic cells the 
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Fic. 4.—Non-pollinated and non-sprayed fruit about to fall from the plant. Super- 
ficial cells of stigma are dead and ovules collapsed. 


cells proliferate considerably. Those at the surface shrink and suber- 
ize somewhat, the others remain turgid and apparently unchanged 
for several days after fertilization. 

Following fertilization the entire fruit becomes slightly greener; 
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the parenchymatous cells of the style proliferate slightly but there 
is no marked activity of the cells of the vascular bundles. The cells 
of the ovaries enlarge considerably but do not divide extensively. 
There is no conspicuous proliferation of the cambium or other por- 
tion of the vascular bundles, the main changes being the addition 
of a few secondary xylem and phloem elements and maturation of 
the elements already differentiated. The cells of the style divide to 
a limited extent and enlarge appreciably; those of the ovaries 
multiply rapidly, especially those constituting the inner layers of the 
carpel walls adjacent to the carpellary cavities. By the end of 67 
hours after pollination these latter cells have increased both in num- 
ber and size, forcing the vascular bundles more widely apart. They 
constitute a well defined endocarp which by the end of 139 hours 
has started to become stony in contrast to the other cells of the 
carpels, which remain parenchymatous. By the end of 571 hours 
the endocarp has become so stony that it is difficult to section (figs. 
10, 16). 

Fertilization occurs by the end of 72 hours after pollination, and 
directly thereafter formation of the endosperm begins. Development 
proceeds rather slowly, however, so that by the end of 139 hours 
there are only a few cells present, although by the end of 571 hours 
the endosperm has become a conspicuous tissue composed of large 
thin-walled cells. The embryo is slow in developing and consists of 
very few cells at this same period. During development of the endo- 
sperm the cells of the integument divide somewhat extensively; the 
entire young seed elongates and enlarges; the epidermal cells of the 
integument become much enlarged and their walls become some- 
what suberized. Material collected later than 571 hours after spray- 
ing has not yet been studied in detail. 

The cells and elements composing the vascular bundles which 
extend mainly through the endocarp at its periphery enlarge and 
mature with the lapse of time. In the endocarpic portion of the 
fruit, cells of the vascular bundles increase more rapidly in number 
and mature more slowly than those which make up the bundles 
immediately below the carpels, those at the apex of the pedicel, or 
those in the pedicel itself. In fact there is but slight increase in the 
number of cells of the bundles below the carpels; as the fruit en- 
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in fig. 4. Other than the collapsed megagametophytes and slightly shrunken ovules, 


tissues show very little change from those of the just opened flower. 
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Fic. 6.—A: section at level 1; B: at level 2, of fruit about to fall from the plant. 
No marked differences from the just opened flower could be detected. 
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Fic. 7.—Young fruit 48 hours after spraying with indoleacetic acid in aqueous solu- 
tion. Individual shown is a somewhat smaller specimen than the just opened flower 
in fig. 1. No significant differences from that stage are evident. 
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Fic. 8.—Young fruit 67 hours after spraying. Compared with just opened flower, 
there has been increased division of stigmatic cells, cells of the style, and to a lesser 
degree of the ovary. 


365 














Fic. 9.—Young fruit 139 hours after pollination. Main changes which have taken 
place during period following pollination are a slight increase of the number and size 
of cells of the entire fruit, an increase in size of the vascular bundles, development of a 
few cells of the endosperm, and a considerable elongation and enlargement of the 
ovules. 
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Fic. 10.—Fruit 139 hours after po!lination. A: at level 1. Number of cells of endo- 
carp has increased and their walls thickened appreciably. Cells of exocarp have enlarged 
and increased but slightly in numbers. Endosperm has begun development and cells 
of integument have increased in number and size. B: at level 4, more enlarged than A. 
Little or no change shown over just opened flower. 
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Fic. 11.—Fruit 158 hours after spraying. Similar in all respects to fruit 139 hours 
after pollination. 
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Fic. 12.—Fruit 158 hours after spraying. A shows similar changes to fig. 104 
except that there is no endosperm present in the ovule and the gametophyte has dis- 
integrated, leaving a cavity at center. B: similar to fig. 10B. 
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Fic. 13.—A: stigma and portion of style of just opened flower; B: same of fruit 


ready to fall. Superficial cells have collapsed, more or less suberized, and died; those 
below them show little change from the condition of those shown in A. 
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Fic. 14.—A: stigma 67 hours after pollination. Pollen grains evident at surface. 
Deeper stigmatic cells have dense contents, show a number of divisions, and no dis- 
integration. The dark lines among them are pollen tubes. B: stigma 62 hours after 
spraying, similar in all respects to stigma shown at A, except that some cells have 
divided somewhat more extensively, are slightly larger, and their contents are slightly 
denser. 
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Fic. 15.—Fruit 302 hours after spraying. Developmental changes obvious, but 
continued development of ovule, containing neither gametophyte nor endosperm, is 
particularly apparent. At this stage the endocarp is slightly stony and strikingly de- 
limited. 
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16.—Fruit 571 hours after pollination. In c 
is otherwise similar to figs. 15 and 17A. 
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Fic. 17.—A: 542 hours after spraying. At this time the fruits are nearly half the 
size they will attain at maturity. Cells of exocarp have enlarged but have multiplied 
little as compared with earlier stages; those of endocarp have multiplied more ex- 
tensively and become somewhat stony but will become more so before maturity. 
Ovules are as large as seeds of pollinated fruits of same age, have a conspicuous cavity 
at center, and cells of integument are turgid. Ovule shows no tendency to collapse or 
disintegrate. The presence of five carpels is a somewhat common variation from the 
usual four. The tearing of the section occurred in cutting, owing mainly to the stony 
endocarp. B: 571 hours after pollination. These fruits are similar to those of com- 
parable age developed following spraying; principal difference is presence of a 
copious endosperm in the seeds and greater firmness or thickness of walls of cells of 
the integument. 
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larges, however, the phloem and xylem elements, as well as the 
fibers, continue to mature. A few additional derivatives from the 
cambium are differentiated, but the changes which occur following 
pollination are largely those of maturation rather than increase in 
numbers. 

Development of the parthenocarpic fruit following spraying with 
indoleacetic acid solution parallels almost precisely that following 
pollination. The chief differences are, first, the cells of the stigmas 
of the sprayed fruits proliferate somewhat more than those pol- 
linated, and do not collapse and suberize quite so soon; and second, 
there is lack of development of an embryo or of endosperm in the 
ovules of the sprayed fruits. Particularly striking in the partheno- 
carpic fruits is the disintegration of the megagametophyte, which be- 
gins about five davs after spraying despite the fact that the cells of 
the integument develop as rapidly and differentiate to the same 
degree as those of pollinated fruits, at least up to 302 hours. Dis- 
integration of the megagametophyte leaves a large, long, central 
cavity extending nearly the entire length of the enlarging ovule, 
which as a whole shows practically no collapse at this time, nor even 
after 542 hours. This central cavity is much smaller than the one 
occupied by the developing endosperm of the seed of the pollinated 
fruit at an equivalent time period. The endocarp enlarges and 
hardens at about the same rate in the two types of fruits, and it is 
not possible to detect any direct outstanding differences in the 
vascular system, either in the fruit or in the pedicel (figs. 12, 15, 16, 
17). The berries as a whole are as large, as turgid, and as green in 
one case as in the other. In the fall of the year no differences be- 
tween the sprayed and pollinated lots were observed in time of fruit 
ripening, the green color of both having changed to red. 

Particularly noteworthy is the lack of marked or disorderly cell 
proliferation in pistils to which indoleacetic acid had been applied. 
No unregulated cell division, tumorous outgrowths, nor root pri- 
mordia, such as reported in stems of the bean and tomato under the 
influence of lanolin mixtures of indoleacetic acid, occur in the holly 
pistils when sprayed with aqueous solutions of this growth sub- 
stance. Even when lanolin mixtures of much higher concentration 
are applied to the stigmas, parthenocarpic development closely 
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parallels that following pollination. Although the tissues of the 
young pistil might be expected to prove highly reactive because of 
their embryonic condition, they are not so in the sense that unusual 
structures are differentiated. 

As in the case of fruits stimulated by pollination, the partheno- 
carpic fruits develop in a regular manner with swelling of the ovaries 
through increase in cell number and cell size, slight stimulation of the 
stigmatic cells followed by gradual shriveling later, and even normal 
development of the seed coat over a long period of time. No de- 
velopment of endosperm and no traces of embryo, however, are 
present within these seeds. 


DIVISION OF FRUIT AND VEGETABLE CROPS AND DISEASES 
BuREAU OF PLANT INDustTrRY, U.S. DEPARTMENT OF AGRICULTURE 
BELTSVILLE, MARYLAND 
UNIVERSITY OF CHICAGO 
CHICAGO, ILLINOIS 
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VARIANT CHROMOSOME NUMBERS 
IN SPHAEROCARPOS 


ELIZABETH L. MACKAY 


(WITH TWENTY-FOUR FIGURES) 


Introduction 


Since the first report by LoRBEER (12) of the occurrence of diploid 
gametophytes of Sphaerocarpos donnellii Aust., a considerable num- 
ber of heteroploid chromosome combinations have been shown to be 
consistent with the viability of gametophytes (typically having 
the chromosomal constitution A+X or A+Y') and of sporophytes 
(typically 2A+X+Y). 

The most frequent of these deviations from the ordinary chromo- 
somal conditions follow upon the occasional formation of two instead 
of four spores from a single mother cell, as a result of some irregu- 
larity in the meiotic divisions. Usually both spores of a dyad so 
produced contain the sporophytic complement 2A+X+Y. Their 
germination gives rise to diploid gametophytes female in appearance 
(12) but actually showing a measure of intersexuality (5, 6, 8). 
Knapp (11) has found that in some families the two spores of a 
dyad may give rise either to two intersexual plants (2A+X+Y) 
or to one male (2A+2Y) and one female (2A+2X). 

As consequences of the formation of spores with more than the 
typical chromosome complement, of the union of gametes produced 
by heteroploid gametophytes, and of meiosis in heteroploid sporo- 
phytes, the following chromosome combinations have been shown to 
occur: Gametophytes: female, A+X (1, 2), 2A+X (14), 2A+2X 
(7); male, A+Y (1, 2), 2A+2Y (8); intersexual, 2A+X+Y (5, 6, 8, 
12). Sporophytes: 2A+X+Y (2, 12), 3A+X+Y (14), 3A+X+2Y 
(8, 14), 3A+2X+Y (7, 14), 4A+X+2Y, 4A+X+3Y. For the 
last two cited sporophytic complements, see a later page of the 
present paper. 

« “A” throughout this paper refers to a single complete set of seven autosomes; 
“X” and “‘Y” indicate the respective sex chromosomes. 
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By the radiation of spore mother cells and of spores (10), and of 
the growing tips of female plants (13), gametophytes have been 
produced that were male although apparently having the female 
complement of A+X. In at least some such cases, KNAPP has 
found that a part of the X chromosome is lacking in the plant of 
“reversed” sex; and the same may be true in all cases in this cate- 
gory. 

Material and methods 


Four classes of gametophytes of Sphaerocarpos donnellii were 
examined cytologically in the study here reported. Details regarding 
the origin of these plants are given in connection with the descrip- 
tion of results obtained. 

The fixatives used were Flemming’s medium, Carnoy’s alcohol- 
acetic, and Karpechenko’s and Sax’s modifications of Navashin’s 
mixture. All gave satisfactory results, particularly if the air was 
removed from the material by suction when it was first placed in the 
fixative. Material was dehydrated in ethyl alcohol and imbedded in 
paraffin in the usual way. Staining was done with Delafield’s 
haematoxylin, Heidenhain’s iron-alum haematoxylin destained with 
picric acid or with 2 per cent iron alum, and Smitu’s (15) modifica- 
tion of the crystal violet-iodine stain. Particularly satisfactory 
results were obtained by the last mentioned method. 

Aceto-carmine smears were made of fresh material and of ma- 
terial fixed in modified Carnoy’s solution. The latter gave the best 
of the few chromosome figures obtained by the smear method. 


Observations and discussion 
MUTANTS 


Thus far none of the clones of atypical form which have appeared 
in our cultures have been shown to possess other than the chromo- 
some complement typical for the sex concerned. WOLFSON (16), for 
example, found that neither semi-sterile males, polycladous males, 
nor polycladous females display any visible chromosomal differ- 
ences from typical males and females. 

The cytology of two mutants not previously examined from this 
point of view is reported here. One is a dwarf o clone (23.6002), 
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derived from a mating of typical 9 21.116 with the highly tufted 7 
20.60 (4). This clone resembles a typical male in most respects, 
except that all the parts are smaller. In twenty matings with various 
female clones the dwarf male has proved sterile (9). It is found to 
have the haploid chromosome complement, 7+Y (fig. 1); in no 
noticeable respect do its chromosomes differ from those of a typical 
male. 

The other mutant studied (23.7094) came (3, 4) from a mating 
of the typical 9 20.205 with the polycladous (and genetically 
tufted) # 20.254. The mutant clone bears approximately the same 
proportion of antheridia as a typical clone, but they are smaller and 
their involucres are in the main cup- or saucer-shaped instead of 
having the almost completely inclosing flask-shape of typical males. 
Most of the antheridia are hence partly or entirely exposed. The 
character of the involucres suggested the designation cupulate for 
this mutant. It has proved to be fertile, producing sporophytes in 
seven of thirty-nine matings with various females (9); but none of 
the gametophytic progeny have shown the cupulate character. This 
cupulate mutant also has the haploid chromosome complement of a 
typical male, 7+Y (fig. 2). 


GAMETOPHYTES FROM SPORES OF DYADS 


In general, as already noted, the spores of the dyads which occa- 
sionally replace tetrads in the adherent-spored races of S. donnellii 
are diploid, giving rise to intersexual gametophytes with a chromo- 
some complement of 2A+X-+Y. A study of the gametophytic 
clones developing from such spores has given the following results. 
The clones referred to later as female are those apparently such, 
without reference to their possibly intersexual character. 

Clone 35.2201.-—-This female clone developed from a spore of 
a dyad of a sporophyte, the offspring of a mating of a typical 
Q (31.1019) with the cupulate @ (23.7094) previously mentioned. 
In a previous paper (14) clone 35.2201 was tentatively reported as 
having 2A+X chromosomes; later study has revealed the presence 
of a Y. In the prophase group shown in figure 3 the X is evident, 
and the Y is much smaller than any of the autosomes. In figure 4, 
showing an anaphase group from the same clone, a Y cannot be 
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certainly distinguished, although there are sixteen chromosomes 
present including the X; in the anaphases the X seems often to 
approach more nearly the size of the autosomes than at other 
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Fics. 1-9.—S phaerocar pos donnellii: Fig. 1, dwarf o clone 23.6002, anaphase group 
showing eight chromosomes (A+Y). Fig. 2, cupulate co clone 23.7094, prophase 
(A+Y). Figs. 3-6, 9 clone 35.2201 (2A+X+Y): fig. 3, prophase, X and Y very 
evident; fig. 4, anaphase group, Y not clearly distinguishable; fig. 5, meta-anaphase in 
lateral view with lagging X, not all autosomes visible; fig. 6, lateral view of anaphase, 
some autosomes not in section. Figs. 7, 8, 9 clone 36.1 (2A+X-+Y): fig. 7, prophase; 
fig. 8, lateral view of anaphase showing part of autosomes and lagging X. Fig. 9, 9 
clone 37.3, diploid with one X. (Figs. 1, 2 from androgonia; figs. 3, 5, 7, 9 from in- 
volucral cells; figs. 4, 8 from young archegonium; fig. 6 from thallus cell.) All Xc. 3600. 


stages of division. In figures 5 and 6, showing lateral views of ana- 
phases in the same clone, the single X shows its characteristic lag- 
ging behavior; not all the autosomes are visible. The eggs pro- 
duced by this clone are fertile, as shown by several matings which 
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have produced sporophytes; one was with the diploid ¢ 32.77 
(2A+2Y) from which were produced (presumably) tetraploid 
sporophytes (4A+X+3Y). 

It has been noted (8) that certain races, at least under greenhouse 
conditions, produce unusual proportions of spore dyads, and that 
there is evidence of the inheritance of the dyad-producing tendency. 
The clones referred to later under the present heading were repre- 
sentatives of such a dyad-producing race. 

Clone 36.1, from the mating 31.417X31.789.—This clone is 
female, with 2A+X-+Y chromosomes (fig. 7). The lagging of the 
X is evident in figure 8. 

Female clones 37.3, 37.5, 37-9, and 37.201, all from the mating 
31.742 X31.706.—Clones 37.3 (fig. 9) and 37.5 (fig. 10) are at 
least approximately diploid; an X is present in each clone, and proba- 
bly one of the sixteen chromosomes of clone 37.3 shown in figure 9 
is the Y; not all the chromosomes are present in figure 10 (from clone 
37-5). An unusual prophase figure (fig. 11) was observed in the 
nucleus of the central cell of an archegonium in clone 37.9; this 
shows very distinctly fourteen double chromosomes (or twenty- 
eight paired chromosomes) including an X and a Y; the double na- 
ture of the other two chromosomes does not show in the plane of the 
section. No figure similar to this has appeared in any other mitosis. 
The appearance cannot be explained by the fixative or stain used, 
which were the same as have been used consistently throughout the 
study. Clone 37.201 is from a mating the sporophytes in which 
were irradiated with soft X (Grenz) rays shortly after the con- 
clusion of meiosis. In the material available of this clone chromo- 
some figures were few; the most satisfactory one found (fig. 12) 
indicates that the clone is approximately diploid, but gives no in- 
formation concerning the presence of an X or of a Y chromosome. 

Female clones 37.803, 37.805, 37.807, 37.809, from the mating 
31.427 X31.789.—-Clone 37.803 has probably a 2A+X+Y chromo- 
some complement (fig. 13). The approximate diploid number ap- 
pears in clone 37.805 (fig. 14). Clone 37.807 has 2A+X+Y chromo- 
somes (fig. 15). In an aceto-carmine preparation (fig. 16) the 
chromosome complement of 37.809 was found to be sixteen (diploid) 
with one X and probably one Y; but since several of the smaller 
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chromosomes were all so nearly of one size the Y is not certainly 
recognizable. 
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Fics. 10-18.—S phaerocar pos donnellii, 2: Fig. 10, clone 37.5, prophase group, ap- 
proximately diploid with one X. Fig. 11, prophase in clone 37.9, chromosomes clearly 
double or paired (2A+X+Y). Fig. 12, clone 37.201, prophase showing approximate 
diploid complement. Fig. 13, prophase from clone 37.803 (2A+X+Y). Fig. 14, clone 
37.805, anaphase with one X. Fig. 15, clone 37.807, prophase group (2A+X-+Y). 
Fig. 16, prophase from clone 37.809, aceto-carmine preparation (2A+X-+Y). Fig. 17, 
clone 37.3207, prophase with one X. Fig. 18, clone 37.3214, anaphase, probably 
diploid, with lagging X. (Fig. 11 from central cell of archegonium; figs. 13, 14, 17 from 
involucral cells; others from thallus cells.) All Xc. 3600. 





Clones 37.3207 and 37.3214, from the mating 31.427 X31.689.— 
These female gametophytes have approximately the diploid number 
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with one X (figs. 17, 18). Since the very small Y is so easily obscured 
from view by an autosome or particularly by the X, it cannot defi- 
nitely be concluded from the few available figures of these clones 
that a Y is absent. 

All the female or apparently female gametophytes produced from 
dyad spores were thus found to have the diploid or approximately 
the diploid number of chromosomes, including one X, and in most 
cases a Y also was shown to be present. This is in agreement with 
the observations of LoRBEER (12) and ALLEN (5, 6, 8). 
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Fics. 19-24.—Sphaerocarpos donnellii: Fig. 19, 2 clone 36.201, prophase with 
2A+X-+Y chromosomes. Fig. 20, & clone 37.4801, polar view of equatorial plate 
(2A+2Y). Fig. 21, o clone 37.4859, polar view of equatorial plate (2A+2Y). Fig. 22, 
9 clone 37.4821, prophase from aceto-carmine preparation showing approximate 
diploid chromosome number with one X. Fig. 23, metaphase from clone 37.4822, ap- 
proximately diploid with one X and possibly one Y pair (autosomes not all in plane of 
section). Fig. 24, 9 clone 37.4925, prophase (2A+X+Y). (Figs. 20, 21 from andro- 
gonia; fig. 24 from involucral cell; others from thallus cells.) All Xc. 3600. 


OFFSPRING OF A TRIPLOID SPOROPHYTE 


Clone 36.201.—This is a female clone derived from a tetrad 
spore borne by the triploid sporophyte resulting from a mating of 
clone 30.1004 (2A+2X) with clone 33.53 (A+Y). This clone has 
2A+X-+Y chromosomes (fig. 19). This agrees with previous re- 
sults (14) showing that spores strictly diploid in terms of the auto- 
somes may be borne by triploid sporophytes, and suggesting that 
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hypohaploid and hyperhaploid, hypodiploid and hyperdiploid auto- 
some combinations are non-viable or but feebly viable. Hyper- 
haploid chromosome complements have been found by Knapp (11) 
to be non-viable or unstable. 


OFFSPRING OF A TETRAPLOID SPOROPHYTE 


Numerous viable spores (in tetrads) were produced by sporo- 
phytes resulting from a mating of diploid 9 32.65 (2A+X) with 
diploid @ 32.77 (2A+2Y). The sporophytes were presumably 
tetraploid with a complement of 4A+X+2Y. Of the gametophytic 
progeny, the complements of two o clones (37.4801, 37.4859) and 
three 9 clones (37.4821, 37.4822, 37.4925) have been determined. 
Each of the males is diploid with two Y chromosomes (figs. 20, 21). 
They make a total thus far known of four S. donnellii males with 
2A+2Y chromosomes. Two of the three females (clones 37.4821, 
37-4822) are at least approximately diploid with one X (figs. 22, 23). 
It may be conjectured that the lagging chromosomes seen in the 
anaphase shown in figure 23 are Y’s, but not enough figures have 
been seen to verify this assumption. A more definite count was 
obtained in female clone 37.4925 of the same family (fig. 24); this 
has 2A+X-+Y chromosomes. One intersexual organ was observed 
in clone 37.4821. So far as these results go, it appears that meiosis 
in tetraploid sporophytes is regular or approximately so, diploid 
spores being produced. 

Tetraploid sporophytes from the mating 35.2201 32.77, men- 
tioned earlier, with presumably 4A-+-X+3Y chromosomes, had 
few progeny and those surviving are only feebly viable. Their 
feebleness may be due to irregularities in meiosis resulting in the 
production of less viable aneuploid forms. 


Summary 


1. A dwarf and a cupulate male mutant, which developed from 
spores of pedigreed sporophytes, have in each case a haploid chromo- 
some complement of seven autosomes and one Y chromosome. 

2. In harmony with previous results, gametophytes developed 
from spores of dyads are diploid, or approximately diploid, with (in 
the cases studied) one X and (usually at least) one Y chromosome. 
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3. The viable progeny of a triploid sporophyte possess, so far as 
has been found, no irregular chromosome complements; in each of 
the clones of such origin studied the diploid autosome number (14) 
was present. 

4. In the cases studied, gametophytic offspring of tetraploid 
sporophytes are diploid; the males have two Y chromosomes; the 
apparent females have 2A+X-+-Y; the latter are probably (in one 
case certainly) intersexual. 

5. Additional viable sporophytic chromosome complements here 
reported are 4A+X+2Y and 4A+X+3Y, those previously ob- 
served being respectively 2A+X+Y, 3A+X+Y, 3A+X+2Y, 
and 3A+2X+Y. 


The writer expresses her appreciation to Professor C. E. ALLEN, 
who suggested the subject of this research and gave freely of his 
time and criticism during its progress and in the writing of this paper. 
The work has been done under a grant from the Wisconsin Alumni 
Research Foundation. 
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CYTOLOGICAL STUDIES IN THE MYRICACEAE 
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JAMES STOKES 
(WITH FORTY FIGURES) 

Introduction 

According to SMALL (4) the genera Myrica and Cerothamnus are 
dioecious and Comptonia is monoecious. Partly for this reason the 
Myricaceae were selected for cytological study in order particularly 
to determine whether heterochromosomes are present. Inasmuch as 
such elements were not found, the meiotic processes in the micro- 
spore mother cells were studied in the following species: Myrica 
cerifera L., M. pumila Michx., M. carolinensis Mill., and Comptonia 
peregrina (L.) Coulter. 

Plants of M. cerifera, M. pumila, and M. carolinensis were col- 
lected in the vicinity of Valdosta, Georgia. M. pumila is usually 
found on sandy acid pinelands. The distribution of M. cerifera over- 
laps that of M. pumila; it is common also in hammocks and swamps. 
M. carolinensis is restricted to low or wet acid pinelands, edges of 
hammocks, and stream banks. 

Field observations on these species indicated that all are strictly 
dioecious. In order to check the field observations more carefully, 
representative specimens of M. cerifera, which were sufficiently ma- 
ture to have produced strobili the previous season, were transplanted 
to the campus of the Georgia State Womans College. Although the 
new environment was somewhat drier than that of their native 
habitat, they grew luxuriantly. 

Microscopic examination of staminate strobili of various ages 
gave no evidence of the presence of carpellate flowers. Although a 
majority of the carpellate strobili of a particular plant proved to be 
strictly carpellate, others were androgynous. In the latter the stami- 
nate flowers developed among the carpellate long after the disap- 
pearance of the staminate strobili of the strictly staminate plants. 
The anthers of such flowers were well developed and contained ap- 
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parently functional pollen. All variations observed were in the direc- 
tion of carpellate to staminate. No perfect flowers were observed 
among either staminate or carpellate strobili. In all three species 
staminate strobili developed much earlier than the carpellate. 

Specimens of Comptonia peregrina were located in the vicinity of 
Thornton, Illinois. Macroscopic examination indicated that the 
plants were monoecious. Microscopic examination of staminate strob- 
ili showed no carpellate flowers, but many of the carpellate strobili 
were androgynous. In such androgynous strobili staminate flowers 
appear among the carpellate during the late stages of seed develop- 
ment. In Comptonia, as in Myrica, the staminate strobili develop 
earlier than the carpellate. 

Previous investigations of various species of Myrica have shown 
that variations in sexual expression are not infrequent. DAVEY and 
GrBson (3) found that in M. gale there always exists a small pro- 
portion of monoecious plants exhibiting all gradations between 
strictly staminate and strictly pistillate. The series includes plants 
or shoots (a) bearing staminate and pistillate catkins of the normal 
type, (b) bearing androgynous catkins, (c) the bulk of the catkins 
consisting of hermaphroditic flowers. These writers state (3): ‘It 
has been found that the sex (if it may be so termed) of a bush or 
shoot may vary from year to year. The variations observed during 
several years have been almost entirely in the direction of change 
from the pistillate to the staminate condition; but in the present 
season (1916) several instances of the reverse change have been 
noted.” 

CHEVALIER (1) examined certain monoecious species of this fam- 
ily, notably Myrica californica, M. conifera, and M. pubescens. He 
reported variations in these forms similar to those reported by 
Davey and Grpson for M. gale. The causal complex underlying 
variations in sexual expression has not been determined. CHEVALIER 
suggested nutrition as the factor controlling the expressing of sex 
in the monoecious forms examined. In view of the results cited, as 
well as of my own observations, strict dioecism is not to be expected 
among the Myricaceae. 

The Myricaceae might afford excellent material for studies in the 
relation of environment to variations in sexual expression. 
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Material and methods 


Staminate strobili were collected in the field. Before fixation they 
were cut into small pieces, and in some cases individual flowers were 
fixed. Flemming’s strong, medium, and weaker solutions were used. 
The medium solution gave satisfactory results. In addition, a va- 
riety of other fixatives such as Carnoy’s, La Cour’s, and various 
modifications of Navashin’s solution were utilized. Satisfactory fixa- 
tions were obtained with Sax’s modification of Navashin’s solution. 

Belling’s iron-aceto-carmine method proved effective in the choice 
of materials to be fixed for studies of chromosome numbers, but 
proved ineffective as a quick method of obtaining counts, as the 
chromosomes failed to stain sufficiently to render them clearly 
visible. The most satisfactory staining results were obtained with 
Heidenhain’s iron-alum haematoxylin stain. 


Investigation 
Myrica cerifera 

EARLY PROPHASE.—The cells of the primary sporogenous tissue 
undergo division in all planes, ultimately giving rise to a cylindrical 
mass. After completion of these premeiotic divisions, the definitive 
pollen mother cells enter upon their long period of growth. 

The resting microspore mother cells are polyhedral and are readily 
distinguishable from adjacent cells by the size of their nuclei, the 
affinity of the nucleoli for organic dyes, and the density of their 
cytoplasm. The cell wall is thin; the cytoplasm is rather dense and 
granular. The nucleus is almost circular in cross section. The nu- 
cleolus stains sharply, in contrast with the remaining apparently 
rather scanty chromatic material. The chromatic threads appear 
irregular in outline and exhibit thickenings where they intersect 
(fig. 1). 

The first indication of the beginning of the leptotene is a gradual 
thickening of some of the chromatic fibers. The netlike structure of 
the resting nucleus is replaced by long, thin, delicate threads so 
intertwined that individual ones cannot be followed throughout their 
total length (fig. 2). The leptotene stage is of short duration and 
the chromatic threads are too delicate to allow detailed observations 
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of their behavior. There is scanty evidence of pairing (fig. 3), but 
figure 4 may be interpreted as the initiation of the zygotene stage. 

ZYGOTENE TO DIAKINESIS.—Soon the chromatic threads with- 
draw from the nuclear membrane and the nucleus passes into the 
condition of synizesis (fig. 5). Synizesis, whether an artifact or not, 
is of long duration. Extra nucleoli are not present at this or at 
subsequent stages of the first meiotic division. In most cases ob- 
served the synizetic knot is composed of an irregular mass of threads 
enveloping the nucleolus. All observations indicate that the nucleo- 
lus is never entirely free of the threads; at least one pair remains 
closely associated with this body, and possibly attached to it. 

Evidence of the paired condition is more definite during the 
loosening of the synizetic knot (figs. 6, 7). The extension of loops or 
twists of the threads into the nuclear cavity is the first indication of 
the loosening of the knot, and apparently it occurs slowly. During 
early pachytene the bivalent threads lie irregularly distributed in the 
nucleus (figs. 8-10). They now become somewhat thicker, but no 
free ends are observable other than those which are due to cutting. 

The transition from pachytene to diplotene is not readily observed 
in this material. The long threads characteristic of early pachytene 
undergo further shortening and thickening. The paired threads, 
which diverge widely at certain points, are held together by chias- 
mata (fig. 11). The doubleness of each chromosome of the bivalents, 
commonly observable in plant material with long chromosomes, was 
not seen in this material, which has very short chromosomes. The 
bivalent chromosomes now become progressively shorter and thicker 
and there is evident clumping and condensation of the chromatic 
materials as diakinesis is reached (fig. 12). 

DIAKINEsIs.—At diakinesis there is still no indication of the 
tetrad condition of the bivalents. The extreme shortening and 
thickening completely obscure the chromatids. In earliest stages of 
diakinesis the bivalents are still somewhat extended (fig. 12), but 
gradually the chromosomes of each pair approach each other very 
closely (fig. 13). The components of some bivalents are joined 
end to end, while others appear as V’s and X’s. At diakinesis the 
eight bivalents are peripherally placed in the nucleus. While this 
material, with very small and short chromosomes, is unsuitable for 














Fics. 1-13.*—Myrica cerifera: fig. 1, premeiotic nucleus of vollen mother cell; 
fig. 2, leptotene threads; fig. 3, early zygotene; fig. 4, pairing of threads in zygotene; 
fig. 5, synizesis; fig. 6, opening of synizetic knot; fig. 7, early pachytene; figs. 8-10, 
pachytene stages; fig. 11, diplotene stage with chiasmata; fig. 12, early diakinesis; 
fig. 13, late diakinesis showing eight bivalents. 


* All figures drawn with 2 mm. apochromatic objective and 30X compensating ocular, at table level 
with the aid of a camera lucida. 
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a study of chiasma formation and behavior, figures 11-13 give evi- 
dence of their existence. 

During the diakinetic stages the cytoplasm of the microspore 
mother cell has been undergoing changes. The peripheral region of 
the cytoplasm has become more vacuolate and a zone of granules 
of various sizes in the inner portion forms a definite perinuclear 
zone. The outer boundary of this zone is somewhat irregular in out- 
line; its inner boundary adjoins the nuclear membrane (fig. 13). 

The nucleolus, which during diakinesis has retained its affinity for 
organic dyes and has occupied a position at one side of the nucleus, 
gradually loses its staining capacity and begins to disappear. Nu- 
cleolar budding does not accompany the disorganization process. 
Shortly after the disappearance of the nucleolus the nuclear mem- 
brane becomes irregular in outline and begins to disintegrate. The 
nuclear cavity decreases in size, and the condensed bivalents pass 
from the peripheral region of the nucleus toward its center. 

Spindle fibers appear in the nuclear cavity about and among the 
chromosomes. Some of these fibers appear to become attached to 
the bivalents at or near their ends (fig. 21) while others extend 
between the poles and remain unattached to the chromosomes. A 
typical multipolar diarch spindle is formed, and the bivalents, now 
closely grouped together, lie at the equator. In some cases the 
spindle appears pointed at the poles while in others it is rather 
broad. 

FIRST METAPHASE TO END OF INTERKINESIS.—The bivalents are 
now arranged upon the equatorial plate (fig. 21). At this stage the 
chiasmata have become nearly or completely terminalized (figs. 20, 
21). During the metaphase of the first meiotic division the chromo- 
somes show no evidence of being composed of two chromatids (fig. 
21). Gradually the homologous members of each bivalent move 
away from each other, the movement beginning at the spindle at- 
tachment regions. As a consequence of terminal spindle attachment 
and the probable resistance of chiasmata to the forces of disjunc- 
tion, some of the chromosomes are drawn out into fine threads (fig. 
20). The bivalents do not disjoin simultaneously. During the ana- 
phase the two chromatids of each chromosome become visible (fig. 
25) and in many of the dyads the two chromatids remain in contact 




















Fics. 14-25.—Figs. 14-16, Myrica carolinensis: 14, 15, diakinetic stages; 16, late 
diakinesis showing eight bivalents. Figs. 17-19, M. pumila: 17, 18, diakinetic stages; 
19, late diakinesis showing eight bivalents. Figs. 20-23, M. cerifera: 20, precocious dis- 
junction of two bivalents at first metaphase; 21, cell with spindle figure showing relative 
size of spindle and cell; chromosomes in metaphase; 22, polar view of metaphase plate 
with eight bivalents; 23, early first anaphase. Fig. 24, Comptonia peregrina: spindle 
with chromosomes in early first anaphase. Fig. 25, M. cerifera: late first anaphase 
showing dyads. 
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at the terminal attachment and diverge at the free ends, thus re- 
sulting in V-shaped figures (fig. 26). Upon reaching the- poles the 
chromosomes usually mass together so closely that their individual 
identities cannot be distinguished. The aggregate of chromosomes 
later begins a loosening process and globular chromatic masses ap- 
pear. Some of these bodies are nucleoli (fig. 27). 

A nuclear membrane forms about each daughter nucleus and one 
or more nucleoli appear. During interkinesis the chromatic masses 
in the daughter nuclei continue the loosening process until the globu- 
lar bodies disappear and the chromatic material is distributed on 
anastomosing threads. The spindle disappears with no indication 
of cell plate formation. The remains of the perinuclear zone are 
present between the daughter nuclei and contain numerous granules 
(fig. 27). At the termination of interkinesis small chromosomes 
appear in each daughter nucleus (fig. 28). 

SucruRA (5) reported the occurrence in M. rubra of an occasional 
constriction of the mother cell during interkinesis, but no incipient 
furrowing of the protoplast at interkinesis was observed in any 
of the species reported in this paper. 

SECOND MEIOTIC DIVISION.—The spindles of the second meiotic 
division appear in the region previously occupied by the daughter 
nuclei, and are similar in appearance to those of the first division. 
The two spindles may lie parallel to each other (fig. 34) but more 
commonly they are at right or oblique angles. The surrounding 
cytoplasm contains many granules. As the chromosomes pass to the 
equatorial plates their double nature is evident (figs. 35, 36). Polar 
views of the four anaphase plates establish the haploid number as 
eight (fig. 37). After reaching the poles the chromosomes approach 
one another and form dense chromatic masses. About each polar 
group a nuclear membrane is formed (fig. 39). As the nuclei grow, 
the chromatic masses become loosened and anastomosing threads 
form. A nucleolus reappears in each nucleus. Continued loosening 
results in a resting nuclear condition characterized by a netlike 
arrangement of the threads (fig. 40). 

The second division spindles persist until the formation of the 
nuclear membranes of the daughter nuclei and the region between 
the spindles is occupied with granules of variable sizes. Cell plates 
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Fics. 26-32.—Figs. 26-28, Myrica cerifera: 26, first anaphase plates; 27, inter- 
kinesis; 28, polar view of second metaphase. Figs. 29, 30, M. pumila: 29, late diakinesis; 
30, first metaphase plate. Fig. 31, M. carolinensis: second metaphase. Fig. 32, Comp- 
tonia peregrina: first anaphase plate showing secondary pairing of bivalents. 
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do not form. When the nuclei are completely reorganized they have 
withdrawn as far as possible from one another and lie close to the 
plasma membrane. A furrow begins in each depressed area of the 
mother cell and these furrows extend centripetally in such a manner 
that the tetranucleate protoplast is organized into four microspores, 
each with a single nucleus. The four young microspores are held 
together until the spores develop their own cell walls. After the 
appearance of a cell wall about each individual spore the mother 
cell wall begins to disintegrate, and with its disappearance the 
microspores are set free in the locules of the anther. Each young 
microspore is surrounded by a perinuclear zone of granules (fig. 40). 
The microspore grows rapidly and the nucleus develops a typical 
reticulum. 


OTHER MyrIcACEAE 
Comparative studies of M. cerifera, M. carolinensis, M. pumila, 
and Comptonia peregrina indicate a close similarity in chromosome 
behavior. In all forms studied the meiotic divisions progress regu- 
larly. 
Myrica carolinensis 


Examination of the meiotic processes in M. carolinensis reveals no 
outstanding differences from those described for M. cerifera. The 
same types of chromosome configurations are observable at diakine- 
sis (figs. 14, 16). At diakinesis eight bivalents are evident and polar 
views of the first anaphase plate confirm this number (fig. 31). The 
chromosomes are characteristically short and thick and about as 
broad as long. 

The plants used in this study and here referred to as M. carolinen- 
sis were thought originally to be a hybrid between M. cerifera and 
M. carolinensis. Meiotic studies showed no irregularities in chromo- 
some behavior and no apparent disharmony between maternal and 
paternal chromosomes. This species is known to be variable in leaf 
size and pubescence. 

Myrica pumila 

The meiotic processes in M. pumila agree closely with those 
described for M. cerifera and for M. carolinensis. The same types of 
chromosome configuration described for M. cerifera are present at 
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Fics. 33-40.—Fig. 33, Comptonia peregrina: first anaphase plate showing secondary 
pairing of bivalents. Figs. 34-37, Myrica cerifera: 34, spindles of second meiotic divi- 
sion; chromosomes in second metaphase; 35, 36, second metaphase stages; 37, second 
anaphase plates showing eight chromosomes in each plate. Fig. 38, C. peregrina: second 
anaphase plates; sixteen chromosomes in each plate, Figs. 39, 40, M. cerifera: 39 
tetranucleate protoplast; 40, microspores. 
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diakinesis (figs. 17, 18). The number of bivalents is eight (fig. 19). 
At the first metaphase plate the eight bivalents show no recogniz- 
able differences in size (fig. 30). 


Comptonia peregrina 

Comptonia peregrina was formerly described as Myrica aspleni- 
folia L. The general meiotic processes in Comptonia agree rather 
closely with those described for M. cerifera, differing mainly in the 
number of chromosomes. The bivalents pass to the equator and 
disjoin in an orderly manner (fig. 24). Lateral views of the first 
metaphases and polar views of the first anaphases establish the 
haploid chromosome number as sixteen. Polar views of the second 
anaphases also show sixteen (fig. 38). 

Examination of the first metaphase, first anaphase, and second 
anaphases gives evidence of secondary pairing (figs. 32, 33). Differ- 
ent bivalents are closely associated but are not in contact. The rela- 
tion of secondary pairing to the homology of the associated bivalents 
was recognized by DARLINGTON (2). On the evidences of secondary 
pairing and of chromosome number it seems probable that Comp- 
tonia peregrina is a tetraploid relative of the Myrica species studied. 

Incidentally SucrurA (5) found eight as the haploid number in 
M yrica rubra also. 

Summary 


1. The meiotic processes in the microspore mother cells of 
Myrica cerifera L., M. pumila Michx., M. carolinensis Mill., and 
Comptonia peregrina (L.) Coulter are described. 

2. The Myricaceae range from polygamism through monoecism 
to dioecism. All variations observed were in the direction of changes 
from carpellate to staminate. 

3. Material of Myrica and Comptonia was unsuitable for detailed 
studies on prophase stages, including chiasma formation. Synizesis 
is a constant feature in the species studied, whether an artifact or 
not. 

4. Chiasmata become nearly or completely terminalized in late 
prophases. 

5. At interkinesis the chromosomes are indistinguishable and 
cytokinesis does not occur at this stage. 
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6. Cytokinesis is by furrowing of the plasma membrane from the 
periphery, usually resulting in quadripartition with a tetrahedral 
arrangement of the microspores. 

7. No evidence for the presence of heterochromosomes was ob- 
served in the meiotic divisions of any of the species studied. 

8. Comptonia peregrina shows secondary pairing among its biva- 
lents. This plant is probably a tetraploid relative of the Myrica 
species studied. 

g. The haploid number of chromosomes is eight in M. cerifera, 
M. pumila, and in M. carolinensis, and sixteen in Comptonia pere- 
grina. 


The writer expresses his appreciation to Professor J. M. BEAL for 
the assistance given him during the course of this investigation, and 
to Professor C. E. ALLEN for suggesting the problem. 
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CYTOLOGICAL STUDIES IN THE GENUS PHOENIX! 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 486 
J. M. BEAL 


(WITH FIFTEEN FIGURES) 


Introduction 


The date palm, Phoenix dactylifera Linn., was introduced into 
Florida and California nearly two centuries ago by Spanish explorers 
and missionaries. No really serious experimental work was done on 
this plant in this country until about the beginning of the present 
century, when the first successful importation of offshoots of stand- 
ard date varieties was made in the summer of 1900 by the United 
States Department of Agriculture in cooperation with the Univer- 
sity of Arizona. Shortly afterward two experimental date gardens 
were established in the Coachella Valley of California, one at Mecca 
in 1904 and the other at Indio in 1907. A great number of the best 
date varieties have since been introduced and tested in these gardens, 
and the growing of dates on a commercial scale is now a well estab- 
lished industry in certain areas. 

A number of other species of Phoenix have also been introduced 
into the United States and several of these are grown in certain re- 
gions which have a suitable climate. In experiments at the Indio 
date garden, successful crosses have been made by using the pollen 
from P. canariensis Hort., P. reclinata Jacq., P. sylvestris Roxbg., 
P. roebelenii O’Brien, and P. rupicola T. Anders. on P. dactylifera 
Linn. (3). It has been shown that pollen from some of these species, 
as well as that from certain varieties of P. dactylifera, may affect not 
only the size, shape, and color of the seed, but also the size and time 
of ripening of the fruit itself. The direct effects on fruit characteris- 
tics have been termed “‘metaxenia’’ by SWINGLE (5), and its study 
has been continued by NIxon (2, 3). 

Because of the ease with which certain species crosses may be 

t This investigation was aided in part by a grant to the University of Chicago from 
the Rockefeller Foundation. 
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made, as well as the occurrence of metaxenia, a cytological investi- 
gation of some of the species and varieties used in this work has been 
undertaken. The microsporocytes possess small nuclei with small 
and numerous chromosomes which do not lend themselves to a de- 
tailed analysis of prophasic conditions, nor to a critical comparison 
of the range of size and form variations among the chromosomes. 
Hence the chief purpose of this study is to report the numbers of the 
chromosomes which have been found in the forms examined. 

In spite of the importance of the date palm and its long history, 
only one reference has been found which deals with its cytology. 
NEMEC (1) examined young embryos of P. dactylifera and reported 
the presence of 28 chromosomes. Several species in other genera in 
different tribes of the Palmaceae have been investigated and chromo- 
some numbers reported, but in only one of those examined, Trache- 
carpus excelsa Wendl. var. fortunei Mak. of the tribe Corypheae (4), 
has the same number (n = 18) been reported as that herein record- 
ed for the species of Phoenix. The probable occurrence of an unequal 
pair of chromosomes was also reported for Trachecar pus, but my ob- 
servations on three species of Phoenix have shown no indication of 
heterochromosomes. 


Material and method 


Seeds of the species and varieties used for the study of mitosis 
were supplied by Mr. Nrxon in the autumn of 1936 and the winter 
of 1937. The seeds were planted in sand in large pots in the green- 
houses of the University of Chicago and very satisfactory germina- 
tion was obtained. When the primary root had reached a length of 
6-8 inches, numerous lateral roots had developed, ranging from 0.25 
to 0.75 inch in length. Tips from both primary and lateral roots 
were fixed in Navashin’s solution and in 2BE. The material was 
then passed through the usual schedule and imbedded in paraffin. 
The roots were cut transversely at 15 u and stained according to the 
gentian violet-iodine method. 

Meiotic material was secured from staminate palms growing in 
the U.S. Experiment Date Garden at Indio, California, and from 
the private gardens of a few growers nearby, in January 1937. First 
metaphase stages were usually present when the staminate inflores- 
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cences had emerged to a visible distance of 6-8 inches from the 
crown of leaves among which they develop. The top portions of such 
inflorescences with their inclosed flowers were cut off, and anthers 
from some of these were smeared in aceto-carmine. When desired 
stages were found by this method other slides were smeared imme- 
diately, fixed in Navashin’s solution, and stained in gentian violet- 
iodine. Still other flowers from the same inflorescence were split 
lengthwise so as to expose the anthers, and then dropped immediate- 
ly into Navashin’s solution. These were later imbedded in paraffin, 
sectioned, and stained in gentian violet-iodine. Satisfactory prepara- 
tions for study were obtained after both the smear and paraffin 
methods. 
Observations and discussion 


The species of Phoenix are dioecious, and all material for the study 
of meiosis has been taken from staminate plants, the flowers of which 
generally produce six stamens. The anthers are approximately 2 mm. 
in length when the first meiotic metaphases occur, and they contain 
a fairly large number of microsporocytes. Although comparatively 
small, these cells separate readily in smearing. Their nuclei stain 
well but the chromosomes are so small and so numerous that it has 
not been possible to make a critical study of the prophases leading to 
the first meiotic division; but from the limited observations made it 
appears that pairing is regular, and this is confirmed by the regularly 
paired condition of the bivalents as observed at first metaphases. At 
late diakinesis the two components of each bivalent are clearly 
visible, while at first metaphases they are often so closely associated 
that they appear to consist of a single element. Still many of the 
bivalents show the two units of which they consist. Counts made at 
first metaphases show 18 pairs of chromosomes in P. dactylifera (figs. 
1, 2), P. canariensis (fig. 9), and P. sylvestris (fig. 14). These figures 
also show a marked similarity in the range of size and form varia- 
tions among the bivalents in the three species. Examination of first 
anaphases has shown regular disjunction with no signs of lagging 
chromosomes. Additional drawings have been made from the species 
and varieties used, but since they agree in number of chromosomes 
and other essential details with those just listed, they have not 
been included. 
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Mitotic metaphases have been studied in root tips of six species 
of Phoenix and in six varieties of P. dactylifera. All of these show the 
same number of chromosomes and the same general range of size 
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Fics. 1-15.*—Figs. 1-8, Phoenix dactylifera: fig. 1, Pyramid Garden, metaphase I; 
i fig. 2, photomicrograph of same nucleus as in fig. 1. Root tip metaphase of: fig. 3, 
Ammary; fig. 4, Barhee; fig. 5, Deglet Noor; fig. 6, Halawy; fig. 7, Kustawy; fig. 8, 
| Maktum. Fig. 9, P. canariensis, metaphase I. Root tip metaphase of: fig. 10, P. 
canariensis; fig. 11, P. hanceana var. formosanum; fig. 12, P. humilis; fig. 13, P. reclinata, 
Fig. 14, P. sylvestris, metaphase I. Fig. 15, P. sylvestris, root tip metaphase. 


* All figures approximately 2450 X, except figure 2, a photomicrograph, which is about 3300 X. 


and form variations. Especially worthy of note is the marked simi- 
larity shown in the somatic complements of the six varieties of 
P. dactylifera (figs. 3-8). Four or five pairs of chromosomes are 
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longer than the remainder, and this size variation agrees with that 
observed in the meiotic metaphases. 

Metaphases from root tips of P. canariensis (fig. 10), P. hanceana 
var. formosanum (fig. 11), P. humilis (fig. 12), P. reclinata (fig. 13), 
and P. sylvestris (fig. 15) show essentially the same range in size and 
form variations as do those of P. dactylifera varieties. The chromo- 
somes in these species are perhaps slightly smaller on the whole, but 
this seems not to be a matter of any special significance, since certain 
of them have been used successfully as pollen parents in crosses 
with P. dactylifera. 
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Table 1 gives the complete list of the species and varieties ex- 
amined, together with the observed numbers of their chromosomes. 

The haploid number of chromosomes has been determined from 
staminate plants which were imported as offshoots, from plants prop- 
agated as offshoots from the original importations, or from plants de- 
rived from seeds of named varieties. The following excerpt from a 
letter written by Mr. NIxon to me gives some interesting facts bear- 
ing upon this matter, together with some equally interesting occur- 
rences in certain carpellate plants: 


“There are only a few imported male palms in this country. While 
some few offshoots of these have been propagated, nearly all grow- 
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ers depend on males grown from seed planted here or offshoots there- 
from. .... Strictly speaking there is no such thing as a ‘Deglet 
Noor’ male or ‘Barhee’ male. Though sometimes referred to as 
such, it is generally understood that what is meant is a seedling 
grown from seed of the variety named. We have at the station here 
one male which is three-quarters Deglet Noor, or at least it was 
grown from seed that was pollinated with pollen from a Deglet 
Noor seedling male. However, for most of the males around the 
Coachella Valley little is known of the pollen parent and, of course, 
what complicates the matter still further genetically is that we know 
nothing of the pollen parent of any of the imported female varieties, 
and the presumption is that nearly all of them were originally 
seedlings. 

“Tn any large planting of date seeds there will be approximately 
equal numbers of staminate and carpellate plants. It is not uncom- 
mon for staminate flowers to have carpels. Of about 70 male palms 
formerly growing at this station approximately one-fourth of them 
were observed to have occasionally flowers with carpels—such flow- 
ers occurring usually on the smaller and later inflorescences and com- 
monly being clustered near the basal (proximal) part of the strand 
or branchlet. Usually these carpels make a very slight growth, just 
enough to be conspicuous late in the season and to keep the flower 
stalk from drying up. Very, very rarely some of these carpels will 
take pollen and develop into a date with a seed. I had heard of a 
few such instances, but had never seen a male bearing dates with 
seed until two years ago when my attention was called to five males 
each bearing a few dates with seed in a seedling planting at the Uni- 
versity of Arizona Date Garden near Tempe, Arizona. I have never 
seen a female palm having flowers with stamens, but as it would be 
much easier to overlook stamens than carpels it may be that her- 
maphroditic flowers do occasionally occur on female palms. Inci- 
dentally, I understand that Prof. W. E. Bryan, plant breeder at the 
University of Arizona, is having the seed from male palms mentioned 
above planted. 

“Some of the seedling males that are being propagated now by 
offshoots have been given names and in time may acquire the status 
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of varieties. In fact, the only distinction between seedlings and va- 


rieties is that the former are grown from seed and the latter from 
offshoots.” 


It is generally known to date growers that the seedlings of a given 
variety do not “‘come true” to that variety in the type of fruits pro- 
duced. The staminate seedlings appear to be equally variable, and 
there is probably as great variation between staminate and carpellate 
progeny as there is among the carpellate seedlings. 

Since all the studies on mitosis reported here were made on root 
tips obtained from seedlings grown from seeds of named species or 
varieties, and since the chromosome complements show such marked 
similarity, the variability of the seedlings (whether carpellate or 
staminate) is probably due to differences in genetic factors rather 
than to structural changes in the corresponding or homologous chro- 
mosomes. Interfertility among the species may be explainable on 
the basis of similar form and like number of chromosomes in which 
perhaps little change (such as might affect their ability to pair as 
homologous chromosomes) has occurred, even though there may be 
much variation in size and vegetative characters as between different 
species. 


Summary 


Meiotic metaphases of P. dactylifera, P. canariensis, and P. syl- 
vestris show 18 bivalent chromosomes in microsporocytes. Mitotic 
metaphases of root tip cells in six varieties of P. dactylifera, in P. 
canariensis, P. hanceana var. formosanum, P. humilis, P. reclinata, 
and P. sylvestris show 36 chromosomes. There is marked similarity in 
the range of size and form variations among the chromosomes in all 
species and varieties examined. This perhaps accounts for the inter- 
specific fertility which has been demonstrated through crosses made 
between several of the species. 


The writer expresses his appreciation to Dr. E. C. AucuTer, U.S. 
Bureau of Plant Industry, for permission to use the facilities of the 
U.S. Experiment Date Garden at Indio, California; to Mr. FRANK 
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THACKERY for placing at his disposal the laboratory and palms grow- 
ing at the garden; and to Mr. Roy W. Nrxon for supplying the seeds 
used and for assistance in collecting the meiotic material. 


UNIVERSITY OF CHICAGO 
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ACTIVITY OF THE POTASSIUM SALT OF 
INDOLE(3)ACETIC ACID IN THE AVENA TEST 


DAVID M. BONNER 


AVERY, BURKHOLDER, and CREIGHTON (1) have presented data 
which indicate that the potassium salt of indole(3)acetic acid pos- 
sesses an activity higher than that of the free acid. This same 
observation has been made by ZIMMERMAN and HitcHcock (3) con- 
cerning the potassium salt of napthaleneacetic acid. Under certain 
conditions they found the magnitude of this increase to be nearly 
as great as twice the activity of the free acid. AVERY, BURKHOLDER, 
and CREIGHTON state that this is apparently a salt effect, and not 
a pH effect, since they adjusted the pH of the agar blocks to various 
values and found no difference in activity between a pH of 6.6 and 
one of 3.0. This later observation directly contradicts their earlier 
statement that potassium indole(3)acetate is more active than in- 
dole(3)acetic acid; that is, at pH 6.6 the solution consists of 98% 
salt, and at pH 3.0 of 98% free acid. The method they used in ob- 
taining the desired pH was not stated, and possibly buffered solu- 
tions were not used. 

From theoretical considerations a strong salt effect and no pH 
effect would be unlikely, and contradictory to data obtained in this 
laboratory. The first most obvious difference in composition be- 
tween a solution of the salt of indole(3)acetic acid and one of the 
free acid itself is the presence of potassium ion in the case of the 
solution of the salt, and its absence in the case of the solution of 
the free acid. One would hardly expect, however, the presence of 
a trace of an inorganic ion, already present in comparatively high 
concentration in the cell, to make a significant difference in the 
activity of the substance. The salt when dissolved hydrolyzes to 
some extent, forming free indole(3)acetic acid and hydroxy] ion. 
The concentration of the salt that was used was very low, and so,.as 
was seen from actual measurement as well as from calculations, 
the final pH was 6.2. The free acid on the other hand undergoes 
Botanical Gazette, vol. 99] [408 
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only dissociation when dissolved in water. Since the acid is a com- 
paratively weak one (pK = 4.75) the amount of dissociation is 
small, but is sufficient to make the pH of the solution about 5.5. 
Thus the principal difference between the two solutions is that, 
whereas that of the salt contains principally ions (potassium ion 
and indole(3)acetate ion) that of the acid contains to a large ex- 
tent molecules of the free acid. Since J. BONNER (2) has already 
shown that for optimal activity the growth substance must be 
present in the associated form, one would expect that for unbuffered 
solutions of equivalent concentrations the free acid would possess 
the greater activity. 

The crystalline salt was prepared from the indole(3)acetic acid 
of Merck. Asa check, a sodium salt prepared by Dr. J. B. Koreprii 
was also used. The salts and the free acid were tested by the stand- 
ard Avena test, a technique which differs only slightly from that 
used by AVERY, BURKHOLDER, and CREIGHTON, who used only 
one decapitation and photographed the plants two hours after ap- 
plication of the blocks. The three substances were tested in buffered 
and unbuffered solutions. The buffered solution used was a mixture 
of potassium dihydrogen phosphate and disodium hydrogen phos- 
phate, thereby eliminating the lack of potassium ion in the case of 
the free acid. All hydrogen ion concentrations were measured by 
means of a glass electrode. The concentrations were the same as 
those which other workers had found to exhibit a very marked in- 
crease of activity of the salt over that of the free acid. 

Table 1 gives the data obtained from several independent ex- 
periments. From these data certain points are clear. The activity 
of the salt was not found to be greater than that of the free acid; in 
fact if equal weights of the three substances are considered, the 
activities of the salts were consistently lower than that of the free 
acid, the activity of the potassium salt being lowest. In the case of 
the unbuffered solutions the difference in activity is very great, the 
salts being much less active than the free acid. With the application 
of the correction for the difference in molecular weights, the differ- 
ences of activity in unbuffered solutions are smaller, and it is prob- 
able that this difference is a pH effect; that is, it is due to the higher 
pH of the salt solutions. Evidence that this is a pH effect is given 
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by the change in relative activities when the solutions are buffered 
to the same pH. Buffering at pH 6.05 gave an increase in the activi- 
ties of the two salts relative to their activities in unbuffered solu- 
tions, whereas the activity of the free acid, although increased, was 
much less than that of the salts. Here again a correction for the 











TABLE 1 
TIME BE- Curva- 
Conc TWEEN No. or AVERAGE | TURE Cor- 
SUBSTANCE 1 4 PH DECAPI- wiahieie CURVA- | RECTED TO 
is TATIONS TURE SAME 
(HOURS) MOLALITY 
Indole(3)acetic acid....... 0.12 6.0 Bak 12 1553 15.3 
Potassium indole(3)acetate. a _ a II 1227 15.4 
Sodium indole(3)acetate. . . es S . 12 13.7 15.4 
Indole(3)acetic acid....... “i es 4.0 II 16.8 16.8 
Potassium indole(3)acetate. 3 - - 10 12.5 15.2 
Sodium indole(3)acetate. . . cy - 5 II 14.3 16.1 
Indole(3)acetic acid....... 2 5 3.0 12 17.8 17.8 
Potassium indole(3)acetate. a 7% ¥ 12 13.3 16.2 
Sodium indole(3)acetate. . . * ss - 12 I5.1 17.0 
Indole(3)acetic acid....... 0.09 | Unbuf- ee 18 9-7 9-7 
fered 
Potassium indole(3)acetate. _ - 24 2.8 3-4 
Sodium indole(3)acetate. . . - . es 24 3.7 4.1 
Indole(3)acetic acid....... = 6.05 es 22 16.9 16.9 
Potassium indole(3)acetate. " - = 18 14.1 7.3 
Sodium indole(3)acetate. . . es si 24 15.4 17.3 























differences in molecular weights must be applied. If this is done, 
the activities of the three substances are found to be identical within 
experimental error. 


Summary 


The results obtained by various workers which seem to show a 
greater activity of the potassium salt of indole(3)acetic acid in 
comparison with that of the free acid were tested. In several ex- 
periments it was found that the three substances indole(3)acetic 
acid, potassium indole(3)acetate, and sodium indole(3)acetate pos- 
sessed similar activities when their equimolar solutions, buffered at 
the same pH, were given the Avena test. Thus, as would be ex- 
pected from theoretical considerations, these three substances, if 
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buffered at the same pH, possess the same activity. In the case of 
the unbuffered solutions it is suggested that the difference in activity 
may be due to a pH effect. 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


LITERATURE CITED 


1. AveRY, G. S., JR., BURKHOLDER, P. R., and CREIGHTON, HARRIET B., Avena 
coleoptile curvature in relation to different concentrations of certain syn- 
thetic substances. Amer. Jour. Bot. 24:226-232. 1937. 

2. BONNER, JAMES, Relation of hydrogen-ions to the growth rate of the Avena 
coleoptile. Protoplasma 21: 406-423. 1934. 

3. ZIMMERMAN, P. W., and Hitcucock, A. E., Comparative effectiveness of 
acids, esters, and salts as growth substances and methods of evaluating them. 
Contrib. Boyce Thompson Inst. 8:337-350. 1937. 











RESPONSES BY TOMATO PLANTS TO 
ARTIFICIAL ILLUMINATION’ 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 487 
JOHN W. MITCHELL 
(WITH TWO FIGURES) 
Introduction 


It has been shown (6, 7, 8, 9) that under known environmental 
conditions some plants grown in filtered sunlight exhibit charac- 
teristics peculiar to that part of the spectrum with which they are 
illuminated. In general, it was found that plants illuminated with 
light especially rich in blue and violet grew less in height per unit of 
time, but synthesized more solid matter, than did similar plants 
grown in an equal intensity of light rich in red, orange, and yellow. 

Similar results were observed by Dastur (1), using plants grown 
under artificial illumination. He found that, with equal intensities 
of total radiant energy, the amount of carbohydrate synthesized by 
leaves of plants illuminated by means of a carbon arc (rich in blue 
and violet) was greater per unit of time than that synthesized by 
leaves illuminated by means of a gas filled electric lamp (rich in 
yellow, red, and infra-red). 

The growth responses and carbohydrate content of tomato plants, 
illuminated by means of artificial light from sources similar to those 
used by Dastur, have been studied under controlled environmental 
conditions in the present investigation. 


Material and method 


Tomato plants (Lycopersicum esculentum) were grown in fertile 
soil contained in 6 inch clay pots under conditions that prevailed 
in the greenhouses during the spring and early summer. Sixty-five 
to one hundred uniform plants were selected after they had attained 
a height of approximately 8 inches. They were divided into three 

1 This investigation was aided in part by a grant to the University of Chicago from 
the Rockefeller Foundation. 
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groups of equal numbers. The first group was harvested immediately 
and designated initial controls; the remaining two groups were 
placed in different rooms and grown under controlled environmental 
conditions with the use of artificial illumination (4). 

The temperature in both rooms varied between 68° and 71° F. 
during periods of illumination and 62° to 65° F. during periods of 
darkness. The humidity varied between 50 and 60 per cent of satu- 
ration. Plants in both rooms were illuminated 14 hours daily. 

A 2000 watt Mazda lamp was used as a source of illumination in 
one room, while a 3000 watt (50 volt 60 ampere) carbon arc supplied 
light in the other. “‘Sunshine’’ carbons were used in the arc lamp, 
and the light was filtered through ordinary window glass. 

Two experiments were conducted in which the light intensities 
were balanced by different means. In the first the plants were so ar- 
ranged that the intensity of total radiant energy from the two 
sources was equal when measured at the surface of the leaves by 
means of a thermopile. In the second the plants were so arranged 
that they received equal intensities of light from the respective 
sources, as measured by means of a Weston photronic cell. 

DRY WEIGHT AND CARBOHYDRATE DETERMINATIONS.—After the 
plants had grown for several weeks under controlled conditions, they 
were washed free from soil and divided into three fractions, roots, 
stems, and leaves. Any leaves that fell from the plants during the 
experiment were added to the final leaf samples. These fractions 
were cut finely and the fresh weight determined. They were then 
dried for 24 hours in a well ventilated oven and the dry weight de- 
termined by weighing in large weighing bottles on an analytical 
balance. 

The samples were prepared for analysis by first grinding in a 
coffee mill and then in a ball mill until the powder could be brushed 
through an 80 mesh screen. After redrying in partial vacuum at 
80° C., duplicate samples of the various fractions were hydrolyzed 
by boiling for 25 hours with 2.5 per cent HCl. The acid was neutral- 
ized with Na,CO,, and the solutions cleared as described by Loomis 
and SHULL (3). The reducing power of the final solutions was then 
determined by the method described by PHILLIPs (5), and expressed 
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in terms of glucose. This fraction, consisting of sugars, starch, dex- 
trins, hemicelluloses, and other materials that hydrolyzed to yield 
sugar under these conditions, is designated total carbohydrate. 


Results and discussion 


As shown in figure 1, the radiant energy emitted by the arc was 
especially rich in blue and violet light, with a relatively low intensity 
of yellow, orange, red, and infra-red. In contrast to this, radiant 
energy emitted by the Mazda lamp was especially rich in yellow, 
orange, red, and infra-red, with a relatively low intensity of blue and 
violet. 

Recent work (2) has shown that the entire visible spectrum is ef- 
fective in photosynthesis. Although the Weston cell is particularly 
sensitive to visible light, it is not an entirely satisfactory means of 
estimating energy in this region of the spectrum, as it is not equally 
sensitive to all wave lengths (fig. 2). This cell is highly sensitive to 
green, yellow, and orange light, and its sensitivity decreases with 
wave lengths either longer than approximately 630 or shorter than 
approximately 530 milli-microns. Furthermore, the sensitivity of 
this cell does not parallel the effectiveness of the different wave 
lengths in photosynthesis (2). 

A thermopile is likewise not an entirely satisfactory means of com- 
paring the intensities of light from different sources. Although it is 
equally sensitive to light that produces photosynthesis, it is also 
sensitive to wave lengths which are not essential to the production 
of solid matter by plants. 

RESPONSES TO EQUAL INTENSITIES OF TOTAL RADIANT ENERGY.— 
Under conditions of equal total radiation, the intensity of illumina- 
tion from each source was equivalent to 0.157 gram calories per 
square centimeter per second, as measured by the thermopile. From 
30 to 35 per cent of the energy radiated by the arc was of wave 
lengths between 4000 and 7000 A.u., while only 15 to 20 per cent 
of the energy radiated from the incandescent lamp fell within this 
region of the spectrum. 

Under these conditions, the stems of plants illuminated with light 
from the arc lamp elongated less during a period of two weeks and 
developed narrower and thicker leaves, which were lighter green in 
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color, than did similar plants illuminated with the same total in- 
tensity of light from the Mazda lamp. 


— SUNLIGHT 
RC 
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Fic. 1.—Spectral energy distribution of light from different sources. Each square 
in curve illustrating sunlight represents 2500 micro-watts of radiant flux per square 
centimeter. Each square in curves illustrating the arc and 1500 watt incandescent lamp 
represents 250 and 25 micro-watts per square centimeter respectively, at 1 meter dis- 
tance from source. Approximate wave lengths of visible light absorbed by chlorophyll 
shown by shading along base line. 
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Fic. 2.—Relative sensitivity of photronic cell, average relative current output for 
equal energy rates, or radiant flux, at various wave lengths. Standard eye sensitivity 
curve given for comparison. 
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On the basis of one hundred plants, those illuminated by means 
of the arc synthesized more than twice as much dry matter and four 
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times as much total carbohydrate during a period of two weeks than 
did plants illuminated by means of a Mazda lamp for the same pe- 
riod of time (tables 1 and 2). The differences in gain in dry weight 


TABLE 1 


COMPARISON OF GAIN IN DRY MATTER DURING TWO WEEKS BY TOMATO PLANTS 
GROWN IN LIGHT EMITTED BY AN INCANDESCENT LAMP AND BY OTHERS IL- 
LUMINATED BY MEANS OF AN ARC LAMP, EXPRESSED AS GRAMS DRY MATTER 


PER 100 PLANTS 
































LIGHT BALANCED LIGHT BALANCED 
BY THERMOPILE BY PHOTOCELL 
REGION 
Mazpa ARC Mazpa Arc 
MNOUS occ ec kaa os 8.36 31.20 30.35 38.12 
RINE oie scx tora econ 23.97 30.80 66.25 49.31 
RGAVES. 506-520 43.58 112.37 83.68 or 8 
jt eae 75.g1 174.37 180. 28 158.98 
TABLE 2 


COMPARISON OF GAIN IN TOTAL CARBOHYDRATES DURING TWO WEEKS BY TO- 
MATO PLANTS GROWN IN LIGHT EMITTED BY AN INCANDESCENT LAMP AND 
OTHERS ILLUMINATED BY MEANS OF AN ARC LAMP, EXPRESSED AS GRAMS PER 

















100 PLANTS 
LIGHT BALANCED LIGHT BALANCED 
BY THERMOPILE BY PHOTOCELL 
REGION 
MAzDA Arc Mazpa ARC 
ce a oo stira  te 1.04 BO to acts soca ee Rea ales va 
RINE Se ches ove slivs o eye 3.69 ts | Pee ae, eee eee ter eee ene 
Stems and roots....... 4-73 11.51 19.34* 14.84 
a eee ar 5.06 a7 34 23.09 16.61 
SU wa cceuls aces 9.79 38.84 42.43 31.45 

















* Stem and root tissue combined to obtain sufficient sample for analysis. 


and carbohydrate content were especially great in the roots and 


leaves. 


Thus when the intensity of total radiant energy from the two 
sources was made equal, as measured by means of a thermopile, the 
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arc actually radiated a greater intensity of those wave lengths which 
were effective in the synthesis of solid matter, and as a result the 
plants illuminated by means of the arc synthesized the greater quan- 
tity of solid materials per unit of time (fig. 1). Calculated on the basis 
of energy consumption, one hundred plants illuminated by means of 
the arc gained 0.282 gm. per kilowatt hour while those illuminated 
by means of the incandescent lamp synthesized only 0.184 gm. per 
kilowatt hour, when the incident energy from the two sources was 
equal at the surfaces of the leaves. 

RESPONSES TO EQUAL INTENSITIES OF LIGHT TO WHICH A PHOTRON- 
IC CELL IS SENSITIVE.—The plants were so arranged that the inten- 
sity of those wave lengths of light, to which a Weston photronic cell 
is sensitive, were made equal to 700-800 foot candles in the case of 
illumination from both the arc and the incandescent lamp. Under 
these conditions the stems of plants illuminated by means of the in- 
candescent lamp grew more in length, and the leaves were a lighter 
green color and thinner than those of plants illuminated by means 
of the arc. The difference in length of internodes, however, was 
greatest during the second week of illumination and became less 
noticeable during the third week. 

Good growth was evidenced in those plants illuminated by means 
of the incandescent lamp and also those illuminated by means of the 
arc, as they increased in dry weight per one hundred plants from ap- 
proximately 111 to 343 gm. and 111 to 316 gm. respectively. Plants 
grown with the aid of the incandescent lamp, however, gained slight- 
ly more in dry matter, and approximately 30 per cent more in total 
carbohydrates, during a period of two weeks, than did similar plants 
exposed for the same length of time to illumination from the arc 
(tables 1 and 2). Microchemical tests made at the end of the experi- 
ment likewise showed that the most starch had been synthesized by 
plants grown with the aid of the Mazda lamp. Interpretation of these 
differences in dry weight cannot be attempted without more detailed 
experiments. 

It is concluded from the data presented, first, that under condi- 
tions of equal total radiant energy a much greater increase in dry 
weight was made per unit of time, and per unit of electrical energy 
consumed, by plants illuminated by means of a carbon arc than by 
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plants illuminated by means of an incandescent lamp, under the 
same conditions. This result was to be expected, since those wave 
lengths of light utilized by plants in the synthesis of solid matter 
represent a considerable portion of the radiant energy emitted by 
the arc, while light of a similar quality represented a smaller part of 
the total radiant energy emitted by the incandescent lamp. Second, 
it is evident that when light from the two sources was balanced by 
means of a photronic cell, the plants synthesized more nearly the 
same amount of solid matter. Through the use of this cell, the in- 
tensities of those wave lengths of light from the two sources that 
were essential to the production of dry matter were made more near- 
ly equal than when the incident energy was balanced by means of a 
thermopile. Although the photocell was not entirely satisfactory as 
a means of equalizing incident energy from the two sources, it gave a 
more reliable measure of those wave lengths of light concerned in the 
growth of plants than was obtained through the use of a thermopile. 


Summary 


1. Tomato plants grown in the greenhouse were transferred to 
controlled environmental conditions. Some were illuminated daily 
by means of a carbon arc, while others were grown under the same 
conditions but illuminated by means of an incandescent lamp. 

2. The anatomical responses and carbohydrate content of the 
plants were studied, first, when illuminated with an equal intensity 
of total radiant energy from the two sources; second, when illumi- 
nated with an equal intensity of those wave lengths to which a pho- 
tronic cell is sensitive. 

3. When plants were supplied with equal intensities of total ra- 
diant energy from the two sources, those illuminated by means of 
the arc grew less in height and synthesized more than twice as much 
solid matter, and approximately four times as much acid hydrolyz- 
able materials and sugars during two weeks, than did plants that 
were illuminated by means of the incandescent lamp for the same 
length of time. On the basis of electrical energy consumption, the 
arc was approximately 53 per cent more efficient in stimulating the 
production of dry matter than was the incandescent lamp, when 
there was equal incident energy at the leaf surfaces. This difference 
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in the rate of production of solid matter, under conditions of equal 
total radiant energy, was possibly due to the fact that there was 
actually radiated from the arc a greater intensity of those wave 
lengths of light which are known to accelerate the process of photo- 
synthesis. 

4. An appreciable and more nearly equal gain in dry weight and 
carbohydrate content was evidenced both in those plants illuminated 
by means of the arc and also those illuminated by means of the in- 
candescent lamp, when light from the two sources was balanced by 
means of a photronic cell. Under these conditions, plants illuminated 
by means of the arc again developed shorter and thicker stems, but 
synthesized slightly less solid matter per unit of time than did plants 
illuminated by means of the incandescent lamp. 
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DAILY PERIODICITY OF STOMATA IN CERTAIN 
SPECIES OF TURF GRASSES 


J. C. CARROLL AND F. A. WELTON 


Introduction 


In connection with certain physico-chemical determinations on 
several species of turf grasses, a limited study of their stomatal be- 
havior was included. Observations were made on Poa pratensis, P. 
trivialis, Agrostis alba, A. tenuis, and Festuca rubra fallax. These 
grasses were grown on Wooster silt loam soil in the summer of 1931, 
and maintained under lawn conditions. Data were secured relating 
to the number, size, and periodicity of their stomata. 

The general structural characteristics of the stomatal apparatus 
of any group of plants seem to be peculiar to that group, and accord- 
ing to SCHWENDENER (6) and REHFOUs (4) are of first importance in 
indicating phylogeny and relationships. The number of stomata per 
unit of leaf surface is, within certain limits, a characteristic of the 
particular species or variety of plant under consideration. 

MILLER (3) observed the stomata of various agricultural plants 
for several growing seasons and found that the number per unit of 
surface area in a given species differed from season to season. Evi- 
dence as to the effect of environmental conditions on the number of 
stomata is somewhat contradictory. A high humidity, however, ap- 
parently exerts considerable influence in reducing the stomatal fre- 
quency. SALISBURY (5), in a study of the stomatal frequency of 
woodland flora, noted a higher frequency under dry exposed condi- 
tions than under wet, and found a high positive correlation between 
the number of stomata and the number of epidermal cells per unit of 
area. He proposed the stomatal index, which expresses the propor- 
tion, in percentage, of the ultimate divisions of the dermatogen of 
the leaf which have been converted into stomata. He considered 
variations in the stomatal index to be due to internal factors, of 
which nutritional conditions are perhaps the most decisive. 

BLAYDES (1) found that the young leaves on a number of plants 
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possessed no stomata, whereas mature leaves on the same plants 
showed large numbers per unit area. 

The method of investigation used in this study was the one sug- 
gested by Lioyp (2), in which pieces of epidermis were removed and 
immediately placed in absolute alcohol. Preliminary observations 
showed the stomata in all the species examined to be more numerous 
near the tip than near the base of the blade. Observations on green- 
house material showed that young leaves had fewer stomata per unit 
area than had mature leaves, and that they were usually closed. This 
indicated that the major part of the transpiration was cuticular. 
Two of the species studied, Poa pratensis and Agrostis alba, had 
stomata on both surfaces; the other three, on the upper surface only. 

The observations recorded in tables 1 and 2 were made on the 
epidermis taken from mature leaves during a period of three con- 
secutive clear days, August 27, 28, and 29, 1931. Small pieces of 
epidermis were removed from the middle portion of the blade be- 
tween the midrib and the edge at hourly intervals over a 24-hour 
period. A Leitz Filar micrometer ocular and a 4-mm. objective 
were used. The width and length of the stomatal pore were measured 
in microns and are expressed as number per square millimeter. Each 
value represents the average reading from thirty fields of the micro- 
scope. 


Results 


The stomata of all five species showed a definite periodicity, being 
open during the day and closed at night. The percentage of stomata 
open and closed at the same hour in the different species varied 
markedly (table 1). 

The length of the stomatal pore did not change in a regular man- 
ner during the time it was open, but the values of both length and 
width in the different species fluctuated considerably, indicating 
that there was considerable variation in the size of the stomata. The 
width of the pore showed a definite maximum and minimum, reach- 
ing a maximum in the forenoon. The correlations between the 
number of stomata and epidermal cells per unit area, as expressed 
by the stomatal index, show very little difference among the species 
studied. 
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TABLE 1 


CONDITION OF STOMATA IN FIVE SPECIES OF GRASS AT DIFFERENT 
HOURS OF THE DAY (AVERAGE READING OF THIRTY FIELDS) 
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Summary 


1. A study was made of the number, size, and periodicity of the 
stomata of five species of grass. 

2. The stomata of the five species showed a definite periodicity, 
being open during the day and closed at night. 

3. The species showed considerable differences in the percentage 
of stomata open at the same period. 

4. The fescue possessed fewer stomata per unit area than did 
either the bent or the bluegrass. 


AGRICULTURAL EXPERIMENT STATION 
Wooster, OHIO 
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Flora of Southeastern Washington and of Adjacent Idaho. By HARotp St. JOHN. 
Pullman, Washington: Students Book Corporation, 1937. Pp. 531 with 11 
text figures and one colored map. 


This book is one of the best of the more recent contributions to a knowledge 
of our country’s flora. Although purporting to cover a comparatively small 
range, it is in reality a good-sized manual, the text proper dealing with 459 
genera, 1187 species, and 286 subdivisions of species. Of the species and their 
subdivisions, 1266 are indigenous and 207 are adventive. The author ‘‘does not 
subscribe to the recognition of minute genera and species.’’ Throughout the 
work he has “endeavored to accept as genera and species the so-called Linnaean 
genera and species, and to reduce to subdivisions of species those minor elements 
so frequently announced as species by recent American botanists.’’ The text is 
therefore in keeping with the standards and ideals of our more conservative 
taxonomists. 

The typographical work is exceptionally accurate. The so-called ENGLER and 
PRANTL system of classification is employed mainly, in preference to the systems 
of Bessry and of Hutcuinson. In general the International Rules of Botanical 
Nomenclature, as adopted at Cambridge and modified at Amsterdam, are fol- 
lowed. Much emphasis is placed upon life zones, as originally described by Dr. 
C. H. Merriam and later recognized by C. V. PrpEr in his Flora of Washington. 
Thus, for example, the Upper Sonoran, Canadian, Hudsonian, etc., are shown in 
contrasting colors on the map that serves as a frontispiece, and the descriptions 
usually are followed with an abbreviation indicating the life zone or zones in- 
habited. Several kinds of type are employed, by which are shown whether a 
plant is indigenous or adventive, etc. A few simple illustrations accompany the 
analytical key to the families, these serving to elucidate points that sometimes 
are obscure or confusing to beginners in the study of plant identification. 

A feature that characterizes the text throughout, as contrasted with most 
floral manuals, is the wealth of critical notes arising from the author’s extensive 
field, herbarium, and library studies. They are concerned especially with the 
use of the plants as forage or in making drugs and medicines, occurrence of 
poisonous principles, data as to type specimens, etc. It is noted with regret, 
however, that he omits all authorities for the names of genera, an omission that 
can be of no advantage to serious students. 

There is a comprehensive glossary, followed by an explanatory list of authors’ 
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names, a list of new species (and new varieties) and new combinations, a small 
list of additions and corrections, and a carefully detailed index. The list of 
authors’ names is nearly complete for the volume, only a few having been 
omitted through oversight or because of insufficient data ( N. B. SANSON and 
James Cassipy, to name two instances). This list gives valuable data as to the 
full names of authors, their nationality, and the dates of their birth and perhaps 
death. The author acknowledges his indebtedness to the distinguished American 
plant bibliographer, Dr. Joon HENDLEY BARNHART, for assistance in its com- 
pilation.—E. E. SHERFF. 


Economic Botany. By ALBERT F. H1tt. New York: McGraw-Hill Book Co., 
1937. Pp. x+592. Figs. 225. 1937. $4.00. 


For many years botanists have occasionally turned their attention to econom- 
ic phases of their subject and put forth treatises concerned with various aspects 
of the subject. The present volume is announced as a text. It treats of a long 
list of species and varieties of plants, some pirt or parts of which have been put 
to economic use. The handling of each form is brief, often so brief that one gains 
little more than the fact that the species exists and is of some use. The net result 
is a brief encyclopedia, of use as a general reference book.—E. J. Kraus. 


The Design of Experiments. By A. R. FisHer. London: Oliver & Boyd, 1937. 
Pp. xi+260. Figs. 5. 12, 6 net. 


A second edition of this book, first published in 1935, permits the author to 
make some necessiry numerical corrections of errors. The main changes from 
the first edition occur in sections 35 and 47.1. In section 35, orthogonalized 
squares receive slightly fuller treatment; in section 47.1, some examples have 
been added of combinatorial arrangements. Otherwise the work is practically 
the same as the first edition—C. A. SHULL. 


Transactions of the Bose Research Institute, Calcutta. Vol. X, 1934-1935. Biolog- 
ical and Physical Researches. Edited by Str JAGADIS CHUNDER BOSE. 
London: Longmans, Green and Co., 1937. Pp. vi+240. Illustrated. 


The introduction to this report gives a brief synopsis of the papers included 
in the main body of the work. Eight of the reports are of botanical interest, 
with subjects as follows: modifying effect of age on the physiological activities 
of the leaf of Mimosa pudica, by S. C. Das and B. K. Patt; the effects of con- 
tinuous and of intermittent illuminations on phototropism, and the effects of 
continuous and of intermittent illuminations on longitudinal growth, by the 
same authors; investigations on the “‘after-ripening’’ of the seed, and effect of 
variation of temperature on the respiration of flower (Helianthus annuus), by 
B. K. Dutt and A. GuHa THAKURTA; chemical examination of the Indian 
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medicinal plant Trichosanthes dioeca, by N. C. NAG; examination of seeds of 
certain varieties of Mecanopsis as source of oil and manure, by N. C. Nac and 
H. N. BANERJEE; and chemical and physiological investigations on the presence 
of vitamin C in certain substances in plants, by H. N. BANERJEE.—C. A. SHULL. 


British Grasses and Their Employment in Agriculture. By S. F. ARMSTRONG. 
London: Cambridge University Press, 1937. Pp. 350. Illustrated. $5.25. 


This is the third edition of a very useful work, which gives a rather detailed 
account of the grasses of economic importance in England, and includes descrip- 
tions of the species and their agricultural uses. 

The book is divided into two parts, a botanical section and an agricultural 
section. In the first there are chapters on grass morphology and distribution of 
British grasses according to their habitats. These are followed by three keys 
to the more common grasses, the first based on vegetative characters, the second 
on floral characters (arrangement of spikelets, number of florets, etc.), and the 
third on “‘seed” characters, the seed being the entire floret composed of the 
lemma and palea with the included caryopsis. The last chapter in this section 
contains a popular description of each grass with especial emphasis on the vege- 
tative characteristics. 

The agricultural section deals primarily with the uses of each species, and 
their relative value as pasture or forage plants. Especial attention is given to 
the seed supplies, including the source, percentage of purity, and percentage 
of germination. 

With the growing realization of the importance of grasslands and their proper 
use, the chapters on grassland management and improvement of poor grassland 
are timely and practical. Another chapter is devoted to the formation and 
maintenance of lawns and greens. The final chapter deals with the valuation 
and purchase of grass seeds, emphasizing that cheap seeds of low quality are 
more expensive per ‘‘real value” than good quality seeds. 

The book is well illustrated with photographs and drawings, many of the 
latter having been reproduced from Dr. A. S. HitcHcocx’s Manual of the 
Grasses of the United States.— J. R. SWALLEN. 


Floral Morphology, a new outlook. By E.R. SAUNDERS. Vol. 1, 8 vo. Cambridge: 
W. Heffer and Sons, Ltd., 1937. Pp. viii+132. 


For many years the author has been studying floral morphology and about 
thirty papers have already appeared. The present volume, which is the first 
of a two volume set, summarizes these papers and, giving general conclusions 
drawn from the entire investigation, is designed to serve as a guide in laboratory 
study. 

The book is divided into four parts, the first dealing with the introduction 
and general considerations, while the other three deal with thirty-nine of the 
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angiosperm families. The second volume will add to the number of families. 
In the table of contents, the dicotyledons and monocotyledons are given as if 
the two groups were of equal rank, a somewhat surprising feature, since so many 
regard the monocotyledons as an offshoot from the dicotyledons, and base that 
interpretation largely upon floral morphology. 

Vascular anatomy is stressed throughout the entire work, and this feature, 
summarizing the author’s critical and extensive work along this line, is probably 
the most important part of the entire investigation. The carpels, as in the pre- 
ceding papers, are emphasized more than the other floral parts. Some new 
technical terms are proposed; some old ones are discarded, the objection being 
made that some are not sufficiently precise. But we still retain the name cell, 
although as originally applied it does not cover all cells as we know them today. 
If precision is the object, why speak of the ‘“‘fusion’”’ of parts which were never 
ontogenetically separate? It is doubtful whether many of the new terms will 
be adopted. 

On the whole, the papers and the book record the work of an industrious and 
competent observer. Any new point of view, with so much observation and 
investigation to support it, is worth careful consideration —C. J. CHAMBERLAIN. 


The Biochemistry of Cellulose, the Polyuronides, Lignin, etc. By A. G. NoRMAN. 
Oxford: Clarendon Press, 1937. Pp. ix+232. $5.00. 


Substantial gains in our knowledge of the biochemistry of the structural 
substances of plants have been made in recent years, particularly with reference 
to cellulose, the main constituent. The advances made with the other wall 
constituents have been much less consistent and spectacular. 

These gains are given critical consideration by NORMAN, who is one of the 
biochemists at the Rothamsted Experimental Station. The substances con- 
sidered in the monograph are cellulose, the polyuronide hemicelluloses, pento- 
sans, hexosans, and hexopentosans, pectin, gum, mucilages, gel-forming ma- 
terials, and lignin. There is a section on the metabolism of these plant cell wall 
constituents, and one on microbial polysaccharides. The uronic acids and pen- 
toses receive treatment in an appendix. 

It was inevitable, of course, that the author’s treatment of the various con- 
stituents would be somewhat uneven, in view of the uneven progress of research 
on the different substances. Cellulose can be considered so much more satis- 
factorily than can the polyuronide hemicelluloses. Nevertheless the work covers 
our present knowledge accurately and admirably. It is not merely a statement 
of the properties and composition of the various substances; it gives an idea 
of the biochemical processes by which the substances arise in the plant. The 
author has given much attention to these structural substances in his own work, 
and has grasped the significance of the various trends of other research. He 
examines the results of current investigations critically and impartially, and 
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presents his conclusions so clearly and simply as to be readily understood by 
students of the plant sciences. 

The book is particularly commended to those interested in the physiological 
chemistry of the life processes by which these wall substances are laid down.— 
C. A. SHULL. 


Potash Deficiency Symptoms. By Oskar EcKsTEIN, ALBERT BRUNO, and J. W. 
TURRENTINE. Pp. xii+235. 


Attention is called to a unique publication dealing with the deficiency symp- 
toms of many agricultural plants from lack of potash. The material has been 
gathered by the cooperation of the American, German, and French potash in- 
dustries, and every part of the work is printed in three languages, English, 
German, and French. Students will be grateful for this parallel presentation of 
the material in several languages. 

Following the introduction, the first part of the volume deals with general 
potash deficiency symptoms. These include the external symptoms and modifi- 
cations of the inner structure of the organs, leaf, root, blossom, and fruit; 
secondary effects of potash deficiency, such as modified resistance to diseases, 
insects, nematodes, climate, etc.; potash deficiency and the market value of 
crops; and the pathology of potash deficiency. 

The second part of the work gives details of the effects upon individual 
crops, such as maize and other cereals, and fruit trees. In the collection of the 
materials dealing with the grains, the authors had the assistance of G. N. 
HorFeEr, and in connection with fruit tree symptoms, of G. A. CowIE. 

The most attractive part of the monograph is the representation in colors 
of the symptoms found for individual species of crop plants. There are fifty- 
three of these colored plates, beautiful and instructive, and with the symptoms 
listed in the three languages. 

This is a most commendable form of placing before the peoples of the world 
the facts regarding potash as a necessary plant food. Moreover, the industries 
have borne the expenses of making these colored plates, and supply the book 
at the unusually low price of $2.25 per copy. It is distributed in the United 
States by B. W. Westermann & Co., 24 West 48th St., New York.—C. A. SHULL. 


General and Economic Botany. By ERNEST ELwoop STANFORD. New York: D. 

Appleton—Century Company, 1937. Pp. xxix+675. 

In general, attempts to teach botany as an applied subject with little refer- 
ence to its fundamentals have furnished the student no basis of understanding 
of plant science as such, nor has he been given more than a hodge-podge of 
assorted ideas concerning the problems of plant production and utilization. The 
present book attempts to present principles through the use of species and 
materials of economic importance. The illustrative material is well chosen, 
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much of it fresh and new, mostly direct and purposeful. The general tone of 
the book closely parallels the several botanical texts now popular. Similar to 
other comprehensive texts, academic or economic, this one will serve to supple- 
ment the inexperience and lack of direct contacts necessarily true for many of 
us as teachers, and will suggest further inquiry on the part of the individual 
student.—E. J. Kraus. 


The Living Garden. By E. J. SALIsBuRY. New York: The Macmillan Company, 

1937. Pp. xi+338. Illustrated. 

This is truly a different type of book, written by a botanist for those inter- 
ested in gardening. Instead of the usual presentation of various rule-of-thumb 
suggestions, the author has attempted to present various concepts concerning 
plant culture from the physiological, ecological, and morphological points of 
view. The result is a thoroughly readable book, not equally strong in all parts, 
but valuable both to one interested in maintaining a garden and to any casual 
reader interested in plant growth and development. It might well serve as a 
point of departure for a series of similar books which could present to a wide 
range of readers the usefulness of present day botanical concepts as bases for 
interpretation of the practices of horticulturists, agronomists, and others deal- 
ing with living plants. The illustrations are unusually well done and adequate 
to the text.—E. J. Kraus. 


The Practice of Silviculture. By RALPH C. HAWLEY. New York: John Wiley & 

Sons, 1937. Pp. xiv+252. 

Although intended primarily as a text on the practice of silviculture rather 
than a presentation of the fundamentals on which such practice must be based, 
ecologists generally and forest ecologists particularly cannot fail to deduct many 
principles on the basis of the practices suggested in this book. Methods of cut- 
ting and thinning, methods of maintaining or reestablishing stands, and methods 
of slash disposal are discussed in considerable detail. The diagrammatic illustra- 
tions aid in the understanding of the text —E. J. Kraus. 


Leguminous Forage Plants. By D. H. Ropinson. London: Edward Arnold & 

Co., 1937. Pp. viit119. $2.40. 

Brief descriptions of the several important economic species included under 
eleven genera are given. These descriptions cover the seed, seedling, and more 
mature stages. The illustrations are fairly well drawn, adequate to the purpose 
for which they are intended, but lacking in critical detail. Bits of information, 
such as relative hardiness of some strains of these various species, feeding value 
of some types of hays, and the like, are added.—E. J. Kraus. 
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A List of Missouri Fungi. By W1tuts E. MANEVAL. The University of Missouri 
Studies, Columbia, Missouri: The University of Missouri, 1937. Pp. 150. 


This book lists alphabetically some 1191 organisms identified as to species 
and varieties, with about ninety others included but identified only as to genera. 
Included in the former group are four species of nemas, thirty-nine bacteria, 
and four Myxomycetes, the remainder belonging to the higher fungi. The list 
is based on specimens collected and deposited in herbaria and on the literature 
dealing with the taxonomy, distribution, and pathological activities of Missouri 
fungi. The hosts are named mostly according to GrAy’s Manual, seventh edi- 
tion, and following the list of fungi a host index and a bibliography are given.— 
J. M. BEAL. 











RUSE ae fit 019 Hl NNR ONS il 





